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PREFACE. 

The  usual  formula  of  writers  is  that  their  productions 
"  supply  a  want."  In  my  case  I  do  not  know  that  there  is 
a  want  to  supply.  Of  elementary  books  on  electrical  sub- 
jects there  is  no  end,  and  in  the  majority  of  cases  when 
they  have  been  read  and  studied,  the  readers  find  the 
sooner  the  contents  are  forgotten  the  better.  There  has 
been  a  cry  among  the  authors  of  technical  books  that 
practical  application  of  principles  is  for  others — for  them 
the  only  objective  is  "principles."  This  shows  Carlyle's 
estimation  of  the  world  was  strictly  true,  it  consists  of 
wise  men  and  fools — mostly  fools.  The  discussions  of  so- 
called  principles  in  the  schoolbooks  occupy  perhaps  one  per 
cent,  of  their  pages,  a  large  part  is  filled  with  the  description 
of  experiments  of  antediluvian  origin,  descriptions  that  can 
without  difficulty  be  traced  backwards  through  most  of  the 
books  written  during  the  past  century.  The  remainder  of 
the  pages  of  the  books  contains"  examples,"  examples  to  be 
worked  in  class,  or  for  preparation  for  some  examination ; 
examples  that  savour  of  the  ridiculous,  not  to  say  the 
ludicrous,  of  no  earthly  use  to  the  solvers  either  as  practical 
applications  or  as  mental  gymnastics.  Ihese  views  are 
those  of  a  cynic  as  regards  the  majority  of  schoolbooks, 
and  no  doubt  this  display  of  cynicism  will  meet  with  its 
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reward  from  the  reviewers.  A  few  words  more  for  the 
edification  of  these  gentlemen  will  probably  raise  their  ire 
still  further.  The  reviews  of  technical  books  written  in 
the  ordinary  and  so-called  literary  papers  are  [a  disgrace  to 
journalism.  In  ninety-nine  cases  out  of  a  hundred  they 
are  evidently  written  by  literary  hacks,  who  have  no 
more  knowledge  of  the  subject  treated  in  the  book  than 
they  have  of  the  inhabitants  of  Jupiter,  and  yet  school 
books  and  technical  books  are  damned  or  praised  by  these 
ignoramuses.  A  book  that  is  not  upon  the  old  conserva- 
tive lines  of  their  boyhood  is  put  outside  the  pale — it  is 
heterodox;  as  if  they  knew  the  difference  between 
heterodoxy  and  orthodoxy.  Well,  these  men  will  have  a 
chance  to  say  their  say  in  regard  to  this  book.  It  cer- 
tainly does  not  follow  old  lines,  it  certainly  has  not 
the  imprint  of  authority  for  all  its  digressions,  it  is  not 
put  forward  as  perfect, — far  from  it.  The  book  has  been 
written  at  odd  times,  laid  aside  sometimes  for  months,  and 
then  a  portion  added. 

The  author's  contention  is  that  all  electrical  and 
magnetic  problems  can  be  discussed  in  their  relation  to 
the  conductive  and  the  magnetic  circuits  and  the  inter- 
actions of  these  circuits.  He  has  not  rigidly  adhered  to 
his  own  views,  but  has  interpolated  in  the  text  a  third 
circuit,  the  inductive ;  which,  however,  he  believes  has  no 
existence  in  fact  whatever  it  may  have  in  fancy,  and 
however  useful  it  may  be  as  a  convention.  Again,  the 
author  believes  the  ordinary  definition  of  unit  magnetic 
pole  to  be  utterly  and  radically  incorrect ;  yet  he  has  ac- 
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cepted  it,  thongh  another  definition  of  unit  pole  would 
greatly  simplify  calculations.  "A  unit  pole"  the  author 
would  define  "  as  a  pole  caused  by  one  or  unit  line  of  force.'* 

The  aim  is  not  to  explain  what  electricity  is,  or  what 
it  is  not,  but  to  give  a  working  foundation  to  students 
whose  hope  is  to  become  practical  men.  The  diflficulty 
has  been  in  a  little  work  of  the  kind  intended  for  beginners 
and  beginners  only,  to  decide  what  should  go  in  and  what 
should  be  left  out.  It  may  serve  as  an  introductory  study 
to  the  writings  of  Hopkinson,  Kapp,  Thompson,  and  other 
specialists. 

There  is  very  little  in  the  book  that  will  clash  with  the 
views  of  workers  like  Crompton,  Esson,  D.  FitzGerald 
Hering,  Hughes,  Hopkinson,  Kapp,  Mordey,  Preece, 
Reckenzaun,  Sellon,  Swinburne,  Thompson  and  others, 
whose  views  are  more  toward  the  practical  than  the 
theoretic.  The  hack  writers  whose  forte  is  writing  school- 
books,  will  probably  show  no  mercy,  they  need  feel  no 
qualms  about  it,  for  the  author  will  be  only  too  glad  to 
have  the  advantage  of  their  criticisms  and  the  opportunity 
of  answering  them.  That  he  has  made  mistakes  no  one 
knows  better  than  himself,  and  no  one  will  be  better 
pleased  to  have  such  mistakes  pointed  out.  It  is  not  the 
fear  of  making  mistakes  he  detests,  it  is  the  humdrum 
dry-as-dust  unpractical  and  thoughtless  iteration  of  Thales, 
rubbed  amber,  the  dry  and  4,250  other  piles  or  batteries 
that  writers  of  elementary  books  "for  school  and  college 
work,"  are  so  fond  of  harping  upon.  Better  make  mis- 
takes in  attempting  a  book  on  fresh  lines  than  run  on  for 
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ever  on  the  old  route,  especially  when  the  old  route  does 
not  lead  to  accord  with  the  foremost  thinkers  and  workers 
of  to-day. 

There  is  no  attack  or  disparagement  meant  in  regard  to 
theorists  like  Sir  W.  Thomson,  Clerk  Maxwell,  Profs. 
Lodge,  Rowland,  etc.  They  do  not  write  elementary  books 
for  beginners  in  the  study  of  electrical  engineering.  They 
are  giants  whom  we  admire  afar  off.  To  repeat  again,  the 
theorists  we  refer  to,  are  the  authors  of  all  the  elementary 
schoolbooks  in  existence,  except  perhaps  three,  and  these 
three  would  be  the  better  for  revision  upon  the  lines  we 
have  here  indicated. 

The  tendency  of  the  age  is  to  make  a  boy  a  walking 
cyclopaedia.  Every  faddist  wants  his  hobby  taught  in 
the  schools,  forgetting  that  the  boy  has  to  live.  Ad- 
mitting that  some  science  should  be  taught  to  boys,  it 
should  be  that  which  will  not  have  to  be  forgotten  in  the 
practical  work  of  the  world,  but  that  which  will  be  of 
assistance  in  such  work.  It  may  be  that  in  some  measure 
the  following  pages  realise  what  is  required,  otherwise  this 
book  like  hundreds  of  others  had  better  be  burnt  by  the 
common  hangman,  than  put  into  the  hands  of  the  students 

Glebe  Lodge, 

Champion  Hill,  s.e. 
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ERRATA. 

Page. 

17.  Fig  10.  Earth  connections  shonld  be  shown  at 
S  and  Sj,  or  these  letters  should  be  taken  as 
representing  '  earth.' 

18.  For  Fig.  18,  read  Fig.  11. 

20.       Line  10,    ^should  be  ^ 
R  o 

22.       Last    line  for    'conductors'  read    'conducting 

surfaces.' 
78.       Line  12-13  for  'diminish  the'  etc.  read  'set  up 

a  diflference  of  pressure.' 
167.     Fig.  112,  should  either  have  two  branches  at 
top,  or  three  in  each  of  the  other  portions. 
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CHAPTEK  I. 

Introductory. 

Electrical   Engineer. — The   Electrical  Engineer  can 
hardly  be  defined  as  belonging  only  to  the  class  for  which 
this  book  is  specially  written,  for  though  many  who  are 
connected  with  the  applications  of  electricity  to  telegraphy^ 
telephony,    electro-deposition,    etc,    may   well   be  termed 
electrical  engineers,  it  is  not  directly  for  them  we  write, 
but   more   especially  for  those  engaged,  or   who   propose 
to   engage,  in  electric  lighting  and  the  electrical   trans, 
mission  of  power.     The  application  of  electricity  to  tele- 
graphy,  telephony,    etc.,    necessitates   the    dealing    with 
minuter  quantities  and  the  making  of  far  more  delicate 
tests,  than  is  the  case  with  the  other  applications  men- 
tioned, wherein  larger  quantities  are  dealt  with,  and  in 
which  for  all  practical  purposes  the  more  delicate  tests  are 
not  required.     The  work  of  the  locomotive  builder  and  the 
work   of  the  watchmaker   may  both   be    classed  as   en- 
gineering,  but   the  information  required   by  the  one  is 
vastly  different  from  that  required  by  the  other,  and  such 
is  also  the  case  in  electrical  engineering.     Unfortunately 
for  electric  light  engineers,  the  science  of  electricity  as 
found  in  ordinary  text  books,  has  been  developed  with 
direct  reference  to  telegraphy — the  one  great  application 
at  all  common  until  quite  recently.     The  units  adopted  and 
the   nomenclature  employed   are   telegraphic,   hence   not 
well  adapted  for  use  in  the  wider  field  they  now  have  to 
fill.     Still  they  exist,  and  the  best  use  must  be  made  of 
them  that  is  possible. 
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Electrioity. — What  electricity  is,  we  do  not  know. 
Certain  phenomena  connected  with  its  actions  have  been 
studied,  and  certain  laws  deduced,  which  are  of  impor- 
tance to  the  engineer  and  can  be  applied  in  his  work  to 
carry  on  the  object  he  has  in  view. 

Without  entering  to  any  great  extent  upon  the  various 
theories  which  have  from  time  to  time  been  put  forward 
as  explanatory  of  electrical  phenomena,  we  may  for  the 
purposes  of  this  book  talk  of  electricity  as  an  entity — a 
material  which  can  undergo  various  modifications,  and 
be  so  far  controlled  by  the  hands  of  man  as  to  produce 
those  phenomena  we  call  electrical.  The  principal  matters- 
to  be  considered  are  : 

How  to  produce  the  manifestation  of  electricity. 

The  path  through  which  it  acts. 

Its  measurement. 
Electricity  Constant  in  Quantity. — We  shall  as- 
sume that,  whatever  electricity  is,  it  cannot  be  increased  nor 
can  it  be  decreased  by  any  known  means;  in  other  words,  the 
quantity  of  electricity  in  the  universe  is  constant.  There- 
fore, while  it  may  be  convenient  sometimes  to  talk  about 
the  generation  of  electricity,  it  is  certainly  inaccurate,  and 
only  to  be  tolerated  because  it  is  almost  impossible  to  be 
understood  if  common  notions  are  rigidly  avoided.  So  far 
as  this  book  is  concerned,  its  argument  is  that  all  the 
apparatus  generally  said  to  produce  electricity,  is  really 
used  to  increase  the  activity  of  electricity.  Just  as  we 
can  get  no  flow  of  water  without  a  difference  of  levels,  so 
we  can  get  no  manifestation  of  electric  or  magnetic  action 
without  a  difference  of  electrical  level  or  pressure. 

The  apparatus   constructed   and   employed,  is  for  the 
purpose  of  producing  this  difference  of  pressure. 


CHAPTER  II. 

THE  CONDUCTIVE   CIECUIT. 

The  Circuit. — For  many  reasons  it  \\dll  be  best  to 
consider  first  the  path,  or,  as  it  is  usually  called,  the  circuit 
through  which  electricity  acts.  Assume  that  we  have  an 
apparatus  for  the  production  of  difference  of  electrical 
pressure ;  call  it  a  source.  In  order  to  obtain  electrical 
phenomena  it  is  necessary  to  have  a  path  along  which  the 
electricity  may  act.  This  path  will  generally  be  found  to 
be  a  closed  path  or  a  number  of  closed  paths,  that  is,  paths 
which  sooner  or  later  return  upon  themselves.  The  path  or 
circuit  may  be  long  or  short,  symetrical,  or  unsymetrical, 
but  it  seems  essential  that  from  whatever  point  it  starts,  to 
that  point  it  must  again  return.  Also,  just  as  in  ordinary 
walking  the  way  may  be  smooth  or  rough,  easy  or  difficult, 
so  to  electricity  the  circuit  may  be  very  easy  or  difficult. 
If  electricity  is  left  to  choose  its  own  path  it  ordinarily 
chooses  the  least  difficult,  or  as  it  is 
called  the  path  of  least  resistance.  It 
is  not  necessary  to  have  a  battery  as  the 
source  of  pressure;  it  may  be  a  frictional 
machine,  or  a  dynamo,  or  a  thermo- 
"^  electric  machine.     For  our  purposes 

±  IG.  1.  ^g  Q^j^  indicate  this  simple  circuit  thus : 

Where  S,  fig.  1,  indicates  the  source,  and  R  the  wire  or 
whatever  materials  form  the  circuit. 
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This  part   of  the  subject  may   be   considered   under 
these  divisions : 

1.  The  Conductive  Circuit. 

2.  The  Inductive  Circuit. 

3.  The  Magnetic  Circuit. 

The  ConductiYe  Circuit. — The  materials  that  offer 
the  least  resistance  to  the  flow  of  electricity — or  as  it  is  termed, 
to  the  current — are  called  conductors,  while  those  that  offer 
great  resistance  are  called  non-conductors,  insulators,  or 
dielectrics.  Conductors  are  used  to  convey  the  electricity 
from  point  to  point  where  it  is  wanted,  and  insulators  to 
stop  it  from  going  where  it  is  not  wanted. 

Most  of  the  metals  are  conductors,  some  better  than  others  • 
while  gums,  resins,  glass,  glazed  ware,  china  ware,  dry  air, 
etc.  are  insulators.  The  following  lists  give  some  idea  of 
the  order  of  merit,  so  to  speak,  of  conductors.  The  best 
conductors  and  the  best  insulators  are  placed  at  the  top 
of  the  respective  columns. 

Conductors  Insulators 


Metals  Paraffin 

Gas  Carbon  Shellac 

Graphite  Ebonite 

Acids  Amber 

Aqueous  Solutions  Resins 

Vegetable  Substances  Sulphur 

Animal  Substances  Glass 

Soluble  Salts  Dry  Air  and  Gkses 

Caoutchouc 
Mineral  Oils 
The  best  conductors  present  some  obstacles  to  the  current, 
and  the  best  insulators  are  only  those  which  present  an  enor- 
mously greater  resistance  to  the  passage  of  the  current.    So 
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Fig.  2. 


far  as  investigation  has  yet  gone,  we  have  neither  perfect 
conductors  nor  perfect  insulators  ;  nor  can  a  line  be  drawn 
to  say  when  conduction  ceases,  and  insulation  begins.  The 
difference  between  conductors  and  insulators  is  one  of 
degree  only. 

The  Simple  Circuit. — Suppose  we  have  a  source  S  of 
electrical  pressure,  let  it  be  the  combination,  fig.  2.  of  a 
glass  jar  three  parts  filled  with  dilute  sulphuric 
acid  (ten  of  water  to  one  of  acid),  with  strips 
of  copper  (Cu),  and  zinc  (Zn),  placed  as  shown 
in  the  dilute  acid.     So  long  as  the  combination 
remains  as  in  fig.  2.  there  is  no  indication  of  a 
current.     This  circuit  may  be  supposed  to  start 
from  the  surface  Zn  in   the  liquid,  through 
the  liquid  to  the  surface  Cu,  and  external  to 
the  liquid  from  Cu,  through  the  air  space  to 
Zn.     This  would  be  a  closed  circuit,  and  is  the  circuit, 
but  its  resistance  is  far  too  great  for  the  pressure  that 
can    be    obtained    by  this    combination    to    allow    of   a 
current.     If,  however,  we  decrease  the  resistance  of  the 
circuit  by  joining  the  external  parts  of  the  strips  Cu,  Zn, 
by    a    short    copper    wire     W,     fig.    3. 
electrical  phenomena  immediately  present 
themselves.     There   is  a  current  through 
the   wire  from   Cu    to   Zn.     Within    the 
liquid  the  current  is  from  Zn  to  Cu.     The 
starting  point  of  the  current,  or  the  point 
of    production    of    pressure    may   for  all 
practical  purposes  be  supposed  to  be  at  the 
point  of  contact  of  the  liquid  and  the  zinc, 
for    here    is    the    point    where    chemical 
action  takes  place.     The  direction  of  the  pressure  seems 
towards  Cu,  so  we  trace  the  circuit  from  Zn  through  the 


C^ 


Cu 


Zn 


Fig.  3. 
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liquid  to  Cu,  from  Cu  through  the  conductor  W  to  Zn.  In 
this  apparatus,  and  in  all  apparatus  with  which  we  have  to 
deal,  a  part  of  the  resistance  of  the  circuit  is  in  the  apparatus 
itself,  generally  called  the  Internal  resistance ;  part  is  out- 
side the  apparatus  and  is  called  the  External  resistance. 

Phenomena  of  the  Circuit. — The  phenomena  con- 
nected with  the  circuit  to  be  considered  are  four : 

1.  Resistance. 

2.  Current. 

3.  Pressure. 

4.  Leakage. 

Resistance.  The  Ohm.— As  all  bodies  oflFer  greater 
or  less  resistance  to  the  passage  of  a  current,  it  is  necessary 
for  practical  work  to  adopt  a  unit  for  purposes  of  compari- 
«on.  At  the  present  time  the  unit  is  called  the  Ohm  and  is 
the  resistance  of  a  column  of  pure  mercury  ^ 

106  centimetres  (41 '73  inches)  long,  1  square  /^^^^^ 
millimetre  (00155  square  inches)  in  sectional  ^  -  f 
area,  at  a  temperature  of  0°C.  However,  ^" 
just  as  the  carpenter  buys  his  two-foot  rule, 
so  the  electrical  engineer  buys  his  sets  of 
resistances.  These  indeed  can  be  obtained 
arranged  as  required  to  assist  in  the  process 
of  measurement. 

If  in  the  experiment  fig.  3  we  change  ■^^^*  ^* 
the  short  wire  W  for  one  much  longer  without  altering 
its  sectional  area,  we  increase  the  resistance  of  the 
circuit,  for  we  lengthen  the  path  without  making  it 
easier.  Indeed,  we  can  go  on  thus  increasing  the 
length  of  the  wire  till  the  resistance  is  too  great  for 
the  pressure,  and  the  electrical  phenomena  then  cease 
to  be   detected   by  our  instruments.     Similarly,   by  de- 
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•creasing  the  sectional  area  without  altering  its  length, 
we  increase  the  resistanca  of  the  conductor.  The  pressure 
obtained  from  any  given  combination  is  always  the  same, 
;and  by  noticing  this  we  can  adapt  our  combinations  to  the 
special  purposes  for  which  they  are  required. 

The  above  definition  is  that  of  the  unit  termed  the 
legal  ohm,  which  however  is  scarcely  or  never  used.  The 
Ainit  generally  adopted  in  this  country  is  called  the  B.A. 
xmit,  so  named  from  having  been  made  by  a  strong  com- 
mittee of  the  British  Association. 

1  B.A.  unit     =     0-9889  legal  ohm. 
1  legal  ohm     =     1-0112  B.A.  unit. 

It  is  improbable  that  for  practical  work  the  B.A.  unit 
•will  ever  be  superseded.  Many  thousands  of  resistance 
•coils  had  been  made  from  the  B.A.  unit  as  a  standard, 
-at  a  great  expense  — and  the  expense  would  be  very  great 
indeed  if  these  resistances  had  to  be  replaced.  Besides 
nothing  would  be  gained.  The  legal  ohm  is  not  the  exact 
resistance  of  the  true  ohm,  but  the  nearest  whole  number 
-expressing  the  length  of  the  metal  of  a  particular  sectional 
Area,  that  has  been  used  for  the  purposes  of  this  definition. 
The  stickler  for  scientific  accuracy  desires  to  know  by  how 
much  the  B.A.  unit  differs  from  the  true  ohm,  and  for  his 
sake  no  doubt  as  instruments  and  methods  become  more 
perfect,  corrections  will  from  time  to  time  be  made  in  the 
third  or  fourth  decimal  place.  No  practical  unit  is  abso- 
lutely perfect  from  the  theorists  point  of  view,  but  still  we 
manage  to  weigh  our  tea  and  sugar,  and  measure  the  length 
of  cloth  and  wood,  and  no  great  difficulty  arises  in  the 
process  either  from  the  standpoint  of  buyer  or  seller. 

Specific  Resistance. — The  metals  are  the  best 
conductors,  but  the  conducting  power  of  each  metal  differs 


8  The  First  Principles  of 

from  that  of  other  metals.  Each  has  a  resistance  peculiar 
to  itself,  or  a  specific  resistance.  The  resistance  also^ 
changes  with  temperature,  so  that  for  practical  purposes- 
the  choice  of  conductors  must  [necessarily  be  restricted. 
The  late  Prof.  Matthiessen  investigated  this  subject  and 
found  that  if  we  express  thej  conducting  power,  or 
condiictivity  of  hard  drawn  silver  as  100*  the  most  important 
metals  come  in  the  order  below.  Conductivity  is  the  in- 
verse of  resistance,  that  is  the  greater  the  conductivity  the 
less  the  resistance. 

If  Conductivity  of  pure  Silver  atj  freezing  point  be 
taken  =100-00. 

then  Conductivity  of  pure  Copper  (hard)  =  99*9 

„  Gold  (hard)  =  77*9 

„  „  Platinum  (soft)  =  18'0 

„  „  Iron  (soft)  =  16*8 

„  „  Tin  (soft)  =  12-3 

,,  „  Lead  =  8*3 

„  „  Mercwry  —  1*6 

The  loss  of  conductivity  and  consequently  the  increase^ 
of  resistance  of  these  metals  when  raised  to  the  temperature- 
of  boiling  point  is  from  28  to  30  per  cent. 

Taking  copper  as  the  metal  more  largely  used  for  con- 
ductors, the  practical  rule  is  that  for  every  rise  of 
temperature  of  1°  F,  the  resistances  of  the  copper  increases 
by  -002  per  cent.  A  piece  of  copper  therefore  having  a 
resistance  of  1  ohm  at  32**  F  would  have  a  resistance 
of  1  +  ('002  X  50),  or  M  ohm  at  82°  F,  that  is  with  a  rise 
of  temperature  of  CO®  F,  or  a  piece  of  copper  with  resist- 
ance 10  ohms  at  32^^  F  would  have  a  resistance  of  II 
ohms  at  82«^  F. 
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Ohm's  Law. — In  the  early  part  of  this  century, 
Professor  Ohm  pointed  out  the  relation  between  Current,. 
Pressure  and  Resistance  to  be  : 

rt         .                 Pressure 
Current  =      — — — ; 

Resistance 

This  is  called  Ohm's  Law,  and  almost  universally  written 

^  -    R 

when  C  stands  for  Current ;  E  for  Electrical  pressure,  or  a» 
usually  termed  Electro-motive-force ;  and  R  for  resistance. 

Thus   C  =  ^,       or  E=  C  R,     or  R  =  -^  gives    the 

means  of  ascertaining  the  third  quantity  when  the  other 
two  are  known. 

Practical  units  of  current  and  pressure.  Just 
as  a  practical  unit  of  resistance  has  been  adopted  in  the 
Ohm,  so  practical  units  have  been  adopted  for  current  and 
pressure. 

Unit  of  Resistance  is  called  an  Ohm. 

Unit  of  Pressure  or  Electromotive  power     Volt. 

Unit  of  Current  Ampere. 

Volts 
By  Ohm's  law     Amperes  =  qJJJ^ 

Examples — A  few  simple  examples  will  show  how  these 

formulae  are  used. 

In  fig.  1    if  S  represent  the  source  of  pressure  in  the 

circuit,  and  R  the  resistance.     What  would  the  current 

through  W  be  if  the  resistance  was  2  ohms  and  the  pressure 

100  volts? 

volts        100        ^r.       .  .^    * 

Amperes  =  —r =    -^-=^00      Answer  50  Amperes^ 
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What  pressure  is  required  to  give  50  amperes  through  a 
resistance  of  2  ohms  ? 

Pressure  =  amperes  x  ohms 
=       50      X      2 

=  100    Answer  100  Volts. 

What  resistance  is  required  to  obtain  a  current  of  50 
Amperes  when  the  pressure  is  100  volts  1 

100 


_,    .  ^  pressure 

Resistance  = — 

current 


50 


=  2.     Answer  2  Ohms. 


Divided  Girouit. — In  actual  practice  it  is  seldom 
that  the  circuit  is  of  so  simple  a  character.  Thus  if  the 
simple  circuit  is  represented  by  fig.  1  where  S  is  the  source 
and  R  the  resistance,  the  circuit  may  be  modified  by  intro- 
ducing a  second  path,  as  in  fig.  4.  The  current  from  S  in 
Fig.  4  and  4a  has  the  choice  of  path  Rj  or  Rg,  or  it  may  divide 


Fig.  1. 


Fig.  4a. 


itself  between  both.  It  does  the  latter,  and  divides  itself 
inversely  as  the  resistances ;  that  is,  if  the  resistance  of  R^ 
be  double  that  of  R2  then  twice  the  current  will  go  through 
Rg  that  goes  through  R^.  The  greater  the  resistance  the 
less  the  current,  and  the  less  the  resistance  the  greater  the 
current.  It  will  be  shown  further  on  that  the  introduction 
of  a  branch  circuit  does  not  usually  increase  or  decrease 
the  current  in  the  original  circuit. 
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Suppose  R  has  a  resistance  of  2  ohms,  and  Rj  a  re- 
sistance of  1  ohm,  then  a  current  of  30  amperes  would  divide 
itself,  and  20  amperes  go  in  through  Rj  while  only  10  amperes 
went  through  R. 

Generally  if  C  is  the  current  through  R,  and  Cj  the  cur- 
rent through  Rj  then — 

C  X  R  =  Cj  X  Rj  or  briefly  CR  =  Cj  Rj 
C  Ci^ 

Rj    ~     R 
Any  one  of  these  quantities  can  be  found  when  the 
other  three  are  known,  thus : 

C   =^— ,C,  -  -^,B  -  -g-andEi  -  -^— 

If  we  put  the  figures  given  in  the  formula,  we  get 

CxR  =  CixEi        or  ^  =  -^ 


10  X  2  =  20  X  1 


10   _   20 
T        2 

20     =     20.  10   =   10 


20x1  10x2  20x1  10x2 

2  1  10  20 

=     10  =20  =2  =1 

Shunts. — In  the  case  of  the  double  paths  or  circuits 
just  described,  the  one  is  said  to  be  a  shunt,  a  parallel,  or  a 
branch  circuit  to  the  other,  and  it  will  be  seen  that  it  is 
only  necessary  to  adjust  the  resistances,  to  have  any  given 
part  of  the  total  current  through  one  branch  and  the  re- 
maining portion  through  the  other. 
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With  a  current  of  50  amperes  it  is  required  that  40 
amperes  go  through  one  branch  and  10  through  another  : 
what  must  be  their  respective  resistances  ?  By  dividing  the 
number  indicating  the  larger  of  the  two  split  currents  by  the 
smaller,  i.e.  ^  =  4  we  get  a  number  indicating  how  many 
times  the  resistance  for  the  smaller  current  must  be  greater 
than  that  for  the  larger.  In  this  case  if  the  smaller  resis- 
tance for  the  larger  current  is  1  ohm,  the  larger  resistance 
for  the  smaller  current  must  be  4  ohms. 

When  the  circuit  has  two  branches,  and  has  to  be  wound 
round  a  piece  or  pieces  of  iron  on  its  way,  there  are  two 
ways  of  so  winding.  Suppose  for  example,  it  has  to  go 
round  the  two  rods  A  and  B,  we  can  wind  only  one  branch 
round  as  shown  in  fig.  5  or  both  branches,  as  shown  in  fig.  6. 


Fig.  5. 


A  dynamo  wound  as  in  fig.  5  is  called  a  shunt  dynamo, 
while  one  wound  as  in  fig.  6  is  a  componnd  wound  dynamo. 
Of  course  anything  similarly  wound,  is  shunt  or  compound 
wound  respectively. 

It  stands  to  reason  jbhat  if  you  have  a  circuit  as  shown 
in  fig.  1,  and  then  add  ivnother  path  for  the  current  as  in 
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fig.  4  you  decrease  the  resistance  of  the  circuit,  and  unless 
due  precaution  is  taken  the  total  current  is  thereby  increased. 

Total  Resistance.  If  resistances 
are  arranged  one  after  another  as  in 
fig.  7  and  7a.  they  are  said  to  be  in 
series. 


B 


Kj  Rg  -^3 

Fig.  7. 

If  the  resistance  A  =  Rj ;  if  B  =  Rg  >  ^^^  if  C  =  Rg 

The  total  resistance  of  A+B-f-C  is  the  sum  of  the  separate 

resistances.     Let  R  =  the  total  resistance.  Then 

R  =  Ri+R24-R3 

If,  however,  the  resistances  are  arranged  in  shunt  or  in 
multiple  arc,  as  in  fig.  4  and  fig.  4a  the  total  resistance  is 
not  the  sum  of  the  separate  resistances. 

Let  the  resistances  arranged  as  shunts,  with  their  extre- 
mities in  contact  with  the  same  two  points  A  and  B,  have 
respectively  the  resistances  R^  and  R^.  Let  the  difference 
of  electrical  pressure  betweenA  and  B  =  E 

E       — 
then  current  C^  through  Rj  =  t^— 

E 
and  current  Cg  through  Rg  =  -r^-      ^ 

the  total  current  C  is  the  sum  of  the  separate  currents 

Ri    Bg 
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If  the  difference  of  pressure  of  E  =  1, 
this  current  becomes-:^- -I- ^^  = — .^  .p    ^ 

Jtvj        Jtv  Hj  XV2 

but  current  is  inversely  as  resistance,  hence 

.  _         R-i  Ro 

total  resistance  K  —  — 


R1  +  R2 

With  three  conductors,  having  respectively  resistance 
Rj  R2   R3.  total  current  = 

L  +  1  +  ^  -  R2R3  +  R1R3  +  R1R2 

Rl   R2   R3  ^1  ^2  ^3 


And  R  = 


Rj  RgRg 


Rg  R3  +  Rl  R3  +  Rj  Rg 

If  there  are  such  N  resistances,  then  the 
total  resistance  = 

Product  of  N  resistances 
Sum  of  products  of  resistances  taken  (N — 1)  together. 

Examples. — Find  the  joint  (total)  resistance  of  two  con- 
ductors having  respectively  4  and  6  ohms  resistance  1 

R=    ?i^=    ^=_?1     =      2-4ohms. 
R1  +  R2       4  +  6  10 

Find  joint  resistance  of  multiple  arc  of  three  conductors^ 
having  respectively  resistances  of  4,  6  and  8  ohms  ? 

R1R2R3  4x6x8 ^     192 

RgRg  +  R1R3  +  R1R2  ~  (6  X  8)  +  (4  X  8)  +  (4  X  6)         104 
=  1-846  Ohms. 

If  the  several  resistances  found  in  multiple   arc,  are^ 
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similar  and  have  the  same  individual  resistances  the  total 
resistance  is 

Resistance  of  one  branch        R 
Number  of  branches.       ~    n 

Thus.     Take  two  branches,  each  having  a  resistance  of  5 
ohms,  according  to  the  formula. 

R1  +  R2         5  +  5  10  ^"^"i*- 

f^          Resistance  one  branch            5  n  c    i. 

Or     — — — , = =      2*5  ohms. 

Number  of  branches  2 

Again  with  three  branches,  each  having  5  ohms  resistance 

Tj  _  R^RgRg ^  5x5x5  __ 

RiRg  +  RiRg  +  RiRg    (5x5)  +  (5x5)  +  (5x5) 

125     12  1, 

=  14  ohms. 

75      ^ 

Or         Resistance  of  one  branch     ^  ^  ^   12  Ohms    v 
Number  of  branches  3 

Shunts  to  be  avoided. — The  extended  use  of  cur- 
rents with  high  electromotive  force  necessitates  greater  care  in 
the  manipulation  of  the  apparatus  used.  It  is  not  difficult 
to  place  the  body  so  that  it  acts  as  a  shunt  to  the  earth.  It  must 
be  recollected  that  both  body  and  earth  are  conductors,  and 
that  with  the  currents  used  in  electric  light  work  there  is 
always  more  or  less  danger  to  life  if  they  are  passed  through 
the  body.  The  minimum  current  or  pressure  that  is  danger- 
ous is  unknown.  The  resistance  of  the  body  is  not  constant^  4* 
so  that  what  is  safe  at  one  time  may  not  be  safe  at  another. 
Further  the  resistance  of  the  body  together  with  the  other 
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parts  of  the  circuit  in  which  it  happens  to  be  is  unknown 
Thus  while  it  might  be  safe  to  stand  in  dry  shoes  upon  drj 
ground,  it  may  be  unsafe  if  the  shoes  were  damp  and  tht 
ground  damp,  or  dry  shoes  npon  damp  ground  might  be  un 
safe.  The  best  plan  then  is  to  avoid  placing  the  body  in  the 
direct  circuit  or  in  a  shunt  circuit.  It  is  often  thought  that 
touching  a  wire  with  one  hand  is  a  safe  proceeding,  but  this  is 
not  so,  the  action  may  either  put  the  body  in  the  direct 
circuit  or  in  a  shunt  curcuit.  Thus  in  fig.  8  let  S  be  the 
source  and  RRj  a  broken  wire  with  the  end  G  fallen  on  the 
ground  or  to  a  conductor  C  leading  to  the  ground.  If  the 
end  Sj  is  also  connected  through  a  conductor  Cj  to  the 
ground,  the  circuit  is  completed  through  the  earth  as  shown 
by  dotted  lines.  If  Cj  happens  to  be  a  man's  body  the  body 
becomes  a  part  of  the  circuit  and  the  result  may  be  fatal. 
Again,  let  S,  fig.  9  be  the  source,  P  and  P^  the  terminals 


Fig.  8. 


of  the  source,  one  of  which,  say  P,  is  somehow  or  other  not 
insulated  thoroughly  from  the  ground.  So  long  as  the  only 
circuit  is  the  wire  circuit  RRj,  no  part  of  which  is  connected 
through  a  conductor  to  the  ground,  there  is  no  danger ; 
but  suppose  a  man  standing  on  the  ground  takes  hold  of 
RRj,  at  E  a  shunt  circuit  is  formed  through  the  body  and 
the  ground  as  shewn  by  the  dotted  lines,  and  the  body  gets 
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a  current.     Two  lessons  should  be  thoroughly  learnt  from 
this.     First,  to  lessen  danger  to  life  all  dynamo  machines  ^ 
should  be  well  insulated  from  earth,  and  secondly,  when 
working  among  currents  approaching  danger  the  greatest 
care  should  be  taken  not  to  put  the  body  into  a  direct  or  a 
into  a  shunt  circuit.     Another  case  ought  to  be  illustrated  ^ 
for  it  is  perhaps  more  often  fatal  than  any  other,  it  is  that 
of  forming  a  bridge  between  two  circuits.     Thus  in  fig.  10 
let  S  and  S^  be  two  sources.     Say  S  is  the  source  of  an 


Fig.  10. 

electric  light  circuit,  Sj  of  a  telephone  or  telegraph  circuit. 
The  difference  of  electric  pressure  between  any  point  P  in 
the  electric  light  circuit,  and  any  point  P^  in  the  telephone 
circuit  will  be  great,  and  therefore  a  current  would  go 
through  a  conducting  body  joining  P  and  P^. 

THE  INDUCTIVE  CIRCUIT. 

InduotiYe  or  Conductive. — It  is  customary  to  view 
the  inductive  circuit  as  something  altogether  different 
from  the  conductive,  whereas  the  one  is  in  reality  but  a 
modification  of  the  other.  The  modification  introduces 
more  prominently  certain  phenomena  which  are  important 
and  have  now  to  be  considered.  Induction  is  a  term  used 
to  denote  a  condition  which  in  different  circumstances 
seems  altogether  distinct  from  what  it  does  under  other 
circumstances,  yet  a  closer   examination  will   show  the 

c 
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similarity.  There  can  be  no  flow  of  current  without 
difference  of  electrical  pressure,  but  there  can  be  diflference . 
of  electrical  pressure  without  current.  The  former  case, 
difference  of  pressure  with  current,  exists  in  the  conductive  - 
circuit;  the  latter  case,  difference  of  pressure  but  no 
current,  exists  in  the  inductive  circuit.  We  have  said 
electrical  apparatus  is  used  for  producing  electrical  pressure. 
It  will  bring  the  idea  more  into  harmony  with  existing 
notions  and  perhaps  be  of  greater  assistance  to  those  who 
have  imbibed  existing  notions,  if  we  look  upon  the  appa- 
ratus as  having  a  double  object,  raising  pressure  on  the 
one  side  and  proportionately  decreasing  it  on  the  other. 
Thus  we  get  two  conditions  the  counterpart  of  each  other, 
a  quantity  of  electricity  on  the  one  hand  under  more 
electrical  pressure,  an  equal  quantity  on  the  other  side 
under  less  electrical  pressure.  The  lifelong  object  of 
electricity  in  these  diff'erent  states  is  to  get  together  and 
resume  the  normal  condition,  or  the  condition  of  normal 
pressure  when  electrical  phenomena  are  indicated. 

We   can  now  represent   the   simple  inductive   circuit. 
Suppose  a  source  S  of  electrical  pressure,  and  conductors 
A  and  B  separated  by  the  air  space  D.  fig  \'^.     Suppose 
z>  further  the  pressure  to  be  increased 

N  in  direction  of  A,  and  diminished  in 

jfl     direction  of  B,  then  when  contact  is 
^^        made  with  the  source  we  get  a  mo- 
3  I  mentary  rush  or  current  in  direction  A, 

Fig    11.  ^^^   ^^   ^*  vfQ^Q  a   slight  heaping  up 

of  the  electricity  in  A  and  a  corres- 
ponding diminution  in  B.  This  heaping  up,  or  accumula- 
tion, as  it  is  called,  takes  place  principally  upon  the  surface 
of  A  immediately  opposite  to  B,  or  the  electricity  in  unlike 
conditions  of  pressure  gets  as  near  together  as  possible. 
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The  quantity  so  accumulated  at  the  ends  of  wires  is  ex- 
tremely small,  but  it  is  easy  to  arrange  the  circuit  so  that 
quantities  measurable  by  our  instruments  can  be  dealt  with. 

Electrical  Conditions. — First,  however,  it  may  be 
wise  to  point  out  that  these  two  electrical  conditions  are 
fully  recognised.  In  early  days  they  were  called  vitreous 
and  resinous,  and  were  thought  to  be  two  different  electri 
cities,  later  on  one  kind  of  electricity  was  recognised,  and 
the  states  were  thought  to  indicate  an  extra  quantity  in 
the  one  case  and  a  diminished  quantity  in  the  other,  later 
still  the  conditions  were  simply  termed  positive  and 
negative,  and  represented  by  -f-  and  — .  The  later  terms 
suit  our  purpose,  hence  we  shall  speak  of  electricity  under 
the  greater  pressure  as  positive  -f  >  and  electricity  under 
less  pressure  as  negative  — . 

Simple  Inductive  Circuit. — A  simple  inductive 
(Circuit  may  be  arranged  as  in  fig.  12.     Let  S  be  the  source 


of  electrical  pressure,  A  and  B  wires  joining  the  terminals 
of  the  source  with  the  parallel  conducting  surfaces  or 
plates  shown  in  section  P,  Pj  at  a  distance  from  other 
conductors.     The  air  space  between  P  and  P^  forms  the 

c  2 
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dielectric,  nonconductor,  or  inductive  resistance.  If  the 
distance  between  P  and  Pj  be  taken  as  the  length  of  the 
resistance,  and  the  surface  area  of  the  opposing  surface  of 
one  of  the  plates  as  the  sectional  area  of  the  resistance, 
then  just  as  in  the  conductive  circuit  the  resistance  varies- 
directly  as  the  length  of  the  conductor  and  inversely  as  its 
sectional  area,  so  in  the  inductive  circuit  the  resistance 
varies  directly  as  the  length  and  inversely  as  the  sectional 
area  of  the  dielectric.  In  other  words,  if  you  double  or 
treble  the  length  of  the  dielectric,  you  double  or  treble  its 
resistance,  while  if  you  double  its  sectional  area  you  halve 

its  resistance.  This  is  symbolised  by  R  x  -^^hen  R  =  re- 
sistance of  dielectric,  L  its  length,  and  S  its  sectional  area. 
In  both  circuits  then  we  have  similarly  the  source  of 
electrical  pressure,  and  resistance  of  circuit.  The  result 
of  electrical  pressure  in  the  conductive  circuit  is  current, 
in  the  inductive  circuit  it  seems  to  be  accumulation  on  the 
surfaces  of  the  opposite  conductors.  We  say  seems  because 
the  probable  action  is  at  the  surface  of  the  dielectric  ixl 
contact  with  the  conductors  and  not  on  the  conductors. 
In  this  case,  however,  the  use  of  the  popular  expression 
will  do  no  harm. 

The  idea  of  accumulation  involves  that  of  density  per 
unit  area,  and  if  the  plates  are  throughout  their  surfaces 
at  the  same  distance  apart  the  same  source  accumulates  or 
charges  them  all  over  the  opposite  surfaces  to  the  same 
density.  The  quantity  accumulated,  or  the  total  charge,, 
will  evidently  be  the  density  per  unit  area  x  by  number  of 
units  of  surface.  It  will  now  be  seen  that  accumulation 
in  the  inductive  circuit  is  analogous  to  current  in  the 
conductive  circuit,  s^id  that  the  same  laws  apply  to  both. 

Current  x  Resistance = Electrical  Pressure ;  or  C  x  R  =  E 
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Accumulation  x  Resistance  =  Electrical  Pressure ; 
Or  AxIl  =  E 
Inductive  Resistance — Series — Multiple  Arc.    In 

-ductive  resistances  are  added  in  series  just  as  conductive 


resistances.  Thus  figs.  13, 14,  show  two  resistances  in  series; 
figs.  15,  16,  show  three  resistances  in  series.  In  either  case 


the  length  of  dielectric  has  either  been  doubled  or  trebled 
iind  the  total  resistance 
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in  the  first  case  R  =  R^  +  Rg 

Or  in  the  second  case  R  =  R^  +  Rg  +  Rg. 

If  Rj  =  R^  =  R3  etc.,  then  R  =  «Rj. 

In  the  conductive  circuit  the  practical  effect,  as  far  as- 


total  resistance  is  concerned,  of  adding  conductors  in  mul- 
tiple arc  is  the  same  as  if  the  sectional  area  of  the  con- 
ductor is  increased,  thus  the  resistance  of  the  circuit  R  fig.  17 
would  be  halved  either  by  adding  another  similar  conductor, 
or  doubling  the  sectional  area  of  R.     Similarly,  in  the 


Fig.  17. 


Fig.  18. 


inductive  circuit  the  practical  effect  of  the  addition  of 
resistances  in  multiple  arc  is  to  increase  the  sectional  area, 
and  correspondingly  to  decrease  the  resistance.  Thus  if 
in  fig.  18,  P  and  Pj  be  the  opposing  «Qnduc<>ers  and   R 


i 


Cir^JLu*yC^  /^^-^^t^f^^-''-^. 
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the  inductive  resistance,  and  if  P  and  Pj  be  increased  to 
double  size,  as  shown  by  the  dotted  lines  in  fig.  19,  or  a 
similar  resistance  be  added  as  shown  in  fig.  20,  the  total 


Fig.  19, 
K1R2 


-as  in  the  conductive 


resistance  R  will  be  R  =  t>    ,  t> 
K1  +  K2 
circuit,  for  let  the  respective  resistances  be  R^  and  Rg, 


Fig.  20. 

and  the  pressure  be  unit  pressure  between  the  surfaces, 
and  let  the  joint  or  total  resistance  be  R,  thus: 

accumulation  on  P  or  Pj  =  — — 
„  „  S  or  Sj  =   ^ 

Total  accumulation  on  P  and  S,  or  P^  and  Sj  =  -=5-  +  ^- 
_  R1  +  R2 


Rj  Rg 


Rj  R2 


but  as  accumulation  is  inversely  as  resistance  R  =  irSno 
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Distribution  of  Charge.  It  has  been  stated 
that  in  the  conductive  circuit  the  current  distributes 
itself  inversely  as  the  resistances;  so  in  the  inductive 
/Circuit  the  charge  or  accumulation  distributes  itself  inversely 
as  the  resistances.  Thus  in  figs.  19,  20,  the  addition  of  plates 
S  Sj  equal  to  P  or  Pj,  with  Kg  =  Rp  pressure  remaining 
constant,  leads  simply  to  doubling  the  charge  because  the 
resistance  is  halved,  th©  quantity  and  density  on  P  or  Pj 


Fig.  21. 


being  equal  to  quantity  and  density  on  S  or  S^.  If,  however, 
Rg  is  different  from  Rj  as  in  fig.  21,  the  total  accumu- 
lation will  be  increased  because  the  total  resistance  is 
lessened.  A  little  consideration  will  show  that  the  quan- 
tity accumulated  always  so  varies.  Suppose  for  example 
Rg  is  twice  R^  we  may  represent 

Ri  =  1  and  Rg  =  2 

R  R  2 

Total  Resistance  R  =  ^  ^  -i  -  =  -^— 

Jtij  -f-  Jig  o 

that  is  the  resistance  of  the  original  circuit  Rj  =  1  is  now 

2 
by  the  addition  of  Rg  reduced  to  -^  and  the  charge  will 

o 

therefore    be    correspondingly    increased.      And     if    10 
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represents  the  old  quantity  accumulated  and  x  the  new 
quantity. 

New  resistance        Old  charge 
Old  resistance    ~   New  charge 
_2_ 

3_  _  J^ 

1        ~    X 

2 

-o-  a?  =  10  whence  a;  =  15 

In  symbols,  if  Q  =  old  quantity,  and  Qj,  new  quantity, 
accumulated 

This  new  charge  is  distributed  inversely  as  the  resistance, 
that  is,  10  parts,  with  resistance  R^  and  5  parts  with 
resistance  R^,  It  will  be  seen  that  no  change  has  taken 
place  as  regards  the  charge  on  P  or  P^,  and  this  will  be 
found  to  hold  good  whatever  branch  resistance  may  be 
Added  to  the  circuit.  Similarly,  in  the  conductive  circuit 
the  adding  of  parallel,  branch  or  shunt  circuits,  with 
pressure  remaining  constant  does  not  aflfect  the  current 
through  the  original  circuit. 

Short  Giroaits. — When  the  resistance  of  the  con- 
ductive or  of  the  inductive  circuit  is  decreased  to  a  small 
quantity,  the  current  or  the  accumulation  is  enormous. 
An  examination  of  the  formulae  will  show  that  any  amount 
of  current  or  accumulation  can  be  had  with  any  pressure, 
however  small.  Anyone  who  understands  division  in 
arithmetic  will  easily  understand  our  meaning.  Thus, 
suppose  we  have  to  divide  any  number,  say  5,  by  any 
number  greater  than  unity,  the  answer  will  be  less  than  5, 
it  is  exactly  5  when  we  divide  by  unity,  but  when  we  get 
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on  the  other  side  of  unity  and  divide  by  nnmbera  less  than 
unity  the  answer  is  greater  than  6. 

Take  these  examples 


5-2or— =  2J 


1  or  A  _  K 
1  -^ 


5-fJorA 


5  -j-  J  or; 
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10 


20 


E 


ThusinC  =  -:5-      or     A  =  ^     whatever  pressure   E 

may  indicate  the  current  C  or  accumulation  A  may  be  a» 
great  as  we  please  provided  we  make  R  in  each  case  small 
enough. 

It  is  this  short  circuit  in  practical  work  that  leads,  as 
we  have  before  seen,  to  great  danger.  Whether  the 
original  circuit  be  conductive  or  inductive  the  result  of  a 
short  circuit  is  the  same — the  passage  of  a  large  current 
through  a  small  resistance. 

Specific  InductiYC  Resistance. — Faraday  found 
that  by  substituting  another  gas  for  air  as  the  dielectric 
the  resultant  charge  was  unaltered — and  he  also  found 
for  all  the  solid  and  liquid  dielectrics  he  experimented 
with  a  greater  capacity  for  accumulation  than  with  gases. 
He  thus  introduced  the  term  *  specific  capacity.'  It  would 
seem  preferable  now  to  look  upon  all  gases  as  having  the 
same  resistance,  and  solids  and  liquids  as  having  different 
resistances.  If  the  resistance  of  unit  length  and  unit 
sectional  area  of  air  be  taken  as  the  unit  then  the  resistance 
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of  other  insulators  compared  with  this  might  be  termed 
their  specific  inductive  resistance.  *- 

THE  MAGNETIC  CIRCUIT. 

Magnets.  Four  kinds  of  magnets  may  be  met  with, 
two  kinds  only  however  are  found  in  practical  work.  The 
natural  magnet  natural  oxide  of  iron  having  the  chemical 

^  composition  Fcg  O^  is  found  in  various  iron  mines,  in  Sweden, 
Spain  and  other  parts  of  the  world.  This  kind  of  magnet 
is  of  no  interest  to  the  practical  man  being  too  weak  and 
too  cumbrous  to  be  of  any  service.  Yet  by  the  aid  of  the 
natural  magnet  the  first  artificial  magnet  was  probably 
obtained  but  who  first  noticed  the  effect  of  a  magnet  upon 
iron  and  steel  is  not  known.  Artificial  magnets  are  of  three 
kinds.  That  best  known  is  obtained  by  rubbing  steel  with  a 
natural,  or  another  artificial  magnet,  or  by  magnetising  the 
steel  by  inserting  it  into  an  hollow  coil  of  wire,  and  then 
passing  an  electric  current  through  the  wire.  The  magnets 
so  obtained  with  hard  steel  are  called  permanent  magnets 
for  they  retain  the  magnetic  properties  imparted  to 
them.  The  strongest  and  most  useful  magnets  for 
engineering  work  are  temporary  magnets  made  by 
wrapping  a  coil  of  insulated  copper  wire  round  a  core  of 
soft  iron,  or  core  of  soft  iron  wire.  Upon  sending  an 
electric  current  through  the  coil  the  core  is  temporarily 
magnetised ;  in  fact  it  is  magnetised  just  as  long  as  the 
current  is  kept  up.  The  core  seldom  loses  the  whole  of  its 
magnetism  when  the  current  is  stopped  except  it  be  the 
very  best  and  purest  soft  iron.  The  small  amount  of  magnet- 

•^ism  retained  is  called  residual  magnetism.  Such  temporary 
magnets  are  called  electro-magnets.  The  other  kind  con- 
sists of  a  coil  of  wire  only,  without  a  metallic  core,  and  when  a 
current  is  sent  through  such  a  coil,  the  coil  acts  as  a  magnet. . 


28  The  First  Principles  of 

Phenomena  of  a  Magnet.— One  of  the  peculi- 
arities that  distinguish  magnets  from  other  bodies  is  that 
if  free  to  take  up  that  position  they  will  come  to  rest  in  a 
position  pointing  almost  due  North  and  South,  hence  the 
end  of  the  magnet  which  turns  to  the  North  has  been 
called  the  North  seeking  or  simply  the  North  pole  of  the 
magnet  while  that  which  points  South  has  been  similarly 
called  the  South  pole.  This  property  makes  the  magnet 
or  the  compass  of  the  greatest  value  in  navigation.  Again 
if  a  piece  of  iron  smaller  than  the  magnet  be  brought  near 
it,  the  magnet  seems  to  attract  the  iron  towards  itself — 
and  if  the  iron  be  near  enough  and  small  enough  it  will  be 
drawn  into  contact  with  the  magnet.  Further  a  magnet 
is  capable  of  so  acting  upon  another  magnetic  body  as  to 
make  that  body  a  magnet.  Thus  if  we  take  a  small  bar 
of  steel  A  B  Fig.  22,  and  a  bar  mag- 
net M  place  the  magnet  M  upon  one 
end  of  A  B  at  right  angles  to  it,  and 
draw  it  along  from  A  to  B  then  lift 
up  M  some  distance  from  B  and 
carry  it  through  the  air  still  away 
A  B         from  A  B,  bringing  the  same  pole  say 

Fig.  22.  N  gently  down  on  A  again.     Repeat 

this  several  times  on  each  of  the  surfaces  of  A  B,  the  pole 
of  the  magnet  being  always  passed  in  the  same  direction. 
It  will  be  found  that  A  B,  is  a  magnet,  the  end  where  con- 
tact was  first  made  with  N  being  a  North  pole  like  N  and 
the  end  where  it  leaves  being  a  South  Pole.  There  are 
several  other  ways  of  making  magnets,  this  is  only  men- 
tioned to  show  the  property  existing  in  the  magnet. 

The  last  peculiar  feature  of  a  magnet  to  be  mentioned  is 
if  a  magnet  is  broken  into  two,  four  or  any  number  of 
similar  pieces,  we  get  two,  four,  or  whatever  the  number 

} 


M 


N 
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may  be  of  complete  magnets.  Thus  if  a  bar  magnet^ 
be  divided  into  two  equal  parts  we  get  the  two  similar 
bars  which  will  be  found  to  be  perfect  magnets. 


Fia.  23. 

If  we  divided  these  smaller  bars  again  and  again,  we- 
should  find  each  piece  a  perfect  magnet,  and  from  this  it 
is  inferred  that  the  act  of  magnetism  causes  the  molecules 
of  the  iron  to  arrange  themselves  in  a  particular  order, 
gives  them  in  fact  polarity.  As  an  aid  to  understand  this 
phenomenon  the  immortal  Farady  introduced  the  concep- 
tion of  lines  of  force  as  issuing  from  the  north  pole  of  a 
magnet  and  polarising  or  arranging  complete  molecular 
chains  to  the  south  pole.  The  action  of  lines  of  force 
upon  iron  filings  can  easily  be  seen.     Let  N.S.  Fig  23,, 
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represent  a  magnet.  Upon  this  lay  a  sheet  of  paper  and 
■sprinkle  iron  filings  upon  the  paper.  The  filings  will 
arrange  themselves  after  the  manner  shown  in  the  figure. 
•Gently  tapping  the  paper  will  aid  in  getting  better  curves. 
If  we  look  upon  the  lines  of  force  as  lines  of  polarised 
molecules,  and  if  we  look  at  a  polarised  molcule  as  having 
as  its  sole  object  the  polarisation  of  the  molecule 
next  to  it  in  the  direction  of  the  easiest  path  for 
making  a  complete  chain,  many  of  the  phenomena 
■of  magnetism  can  by  this  assumption  be  easily  ex- 
plained. Be  it  understood  there  is  no  intention  of  pro- 
pounding this  as  a  theory  of  magnetism,  all  that 
is  aimed  at  is  to  explain  by  some  simple  mechani- 
cal or  illustrative  method  the  phenomena  that  the' 
practical  man  has  to  harness  and  utilise  in  his 
work. 

Returning  for  a  moment  to  the  conductive  circuit,  as 
represented  in  Fig.  24,  we  have  hitherto  said  nothing  of 
the  electrical  phenomena  occuring 
in  the  spaces  adjacent  to  that 
circuit,  but  the  consideration  of 
these  phenomena  is  as  important 
as  the  consideration  of  pressure, 
current  and  resistance.  If  a  cur- 
rent is  passing  along  the  wire  ^ 
R  R.  it  exerts  an  influence  in  the 
space  immediately  surrounding 
Fig.  24.  the  iron.   This  influence  is  greatest 

close    to     the     wire     and    gets 
gradually   less  and    less    farther 
iiway.     The    space    over    which    such    influence    is   ex- 
erted is  called  the   "field."     A  simple   experiment  will 
fihow  this  influence  exists  and  at  the  same  time  tells  us  a 
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little  about  its  action.  Suppose  Fig.  25,  to  represent  a 
portion  of  wire  forming  part  of  a  conductive  circuit 
through  which  a  current  is  passing.  If  we  take  a 
sheet  of  paper  or  glass,  and  lightly  sprinkle  iron 
filings   upon   the  plate  of  glass  we   shall  find  that  the 


Fig.  25 


filings  will  arrange   themselves  somewhat   concentrically 
around  the  wire,  that  is  we  find  some  force  acting  upon  ^ 
the  filings,  causing  them  to  assume  the  ring  shape.     We 
may  say  that  the  position  of  each  ring  of  filings  is  deter- 
mined by  a  force  acting  in  a  certain  direction,  or  forces 
acting  in  certain  directions.     It  is  clear  that  the  force  or 
forces  start  somehow  from  the  conductor,  hence  we  not  in- 
aptly speak  of  lines  of  force,  and  of  the  total  space  through   •" 
which  the  lines  of  force  act  as  the  "  field  of  force "     It 
must  be  remembered  however  that  we  use  the  term  lines  ^ 
of  force  only  as  a  convenience. 

Suppose  the  wire  forms  a  loop  or  coil  in  a  circuit,  the 
same  phenomena  of  the  lines  of  force  occur,  and  these  lines 
as  it  were  thread  the  coil.  Further  increase  the  number 
of  turns  of  wire  the  lines  of  force  still  thread  the  coils  as  in  f 
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Fig  26.  Coils  like  these  act  exactly  as  do  ordinary  magnets. 
The  number  of  lines  of  force  are  in  the  simple  conditions- 
proportional  to  the  currents.  We  have  hitherto  referred 
to  the  lines  of  force  traversing  air  space,  but  if  we  substi- 
tute for  the  air  some  material  that  offers  a  less  resistance 
to  the  passage  of  these  lines  of  force,  such  as  soft  iron,  the 
number  of  lines  of  force  through  imit  surface  will  be  in- 
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creased.  Thus  we  obtain  the  ordinary  Electro  Magnet 
which  consists  of  a  core  of  soft  iron,  around  which  is 
wound  insulated  copper  wire.  The  lines  of  force  all  pass 
through  the  core  and  may  be  supposed  to  leave  the  core  at 
the  North  Pole  and  enter  at  the  South  Pole. 

Magnetic  Circuit. — The  longer  the  air  space  to  be 
traversed  by  the  lines  of  force  the  greater  the  resistance,, 
so  for  most  practical  purposes  the  iron. or  steel  part  of  the 
circuit  is  bent  so  as  to  bring  the  ends  or  poles  as  near 
together  as  possible  and  reduce  the  air  space  to  be  traversed 
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"by  the  lines  of  force.  Fig  27,  shows  the  ordinary  form  of 
magnet.  If  the  iron  or  steel  forms  a  complete  ring  as  Fig  287- 
then  all  the  lines  of  force  traverse  the  ring  and  we  get  no 
external  effect.  In  practice  we  require  external  effect,  in 
other  words  we  want  lines  of  force  traversing  air  or  some 
body  similar  to  air  so  that  we  can  bring  other  conductors 
into  and  take  them  out  of  the  field  of  force,  or  move  them 
to  various  positions  within  the  field,  hence  the  core  of  our 
magnets  does  not  form  a  complete  ring  but  leaves  an  air 
:space  as  in  Fig  29. 


Fig.  29. 


Fig.  28. 


Fig.  27. 

The  longer  the  air  space  the  greater  the  resistance  of 
the  magnetic  circuit,  for  the  air  space  constitutes  the 
greater  part  of  the  resistance  of  the  circuit,  so  in  de- 
signing magnets  for  practical  work  great  care  should  be 
taken  to  have  the  poles  as  close  together  as  the  nature  of 
the  work  permits.  When  the  direct  resistance  between 
the  poles  is  great,  lines  of  force  are  apt  to  find  their  way 
across  other  points  of  the  magnet  arms  as  indicated  in 
fig  27.  These  leakage  lines  are  waste  lines  and  therefore 
to  be  avoided. 

D 
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In  the  magnetic  circuit  we  may  take  the  "  number  of  lines 
of  force"  to  be  analogous  to  "current"  in  the  conductive,  or 
"accumulation"  in  the  inductive  circuit;  and  ohm's  law 
applies  to  this  circuit  as  to  the  others.     Thus 
-KT    y        t£       _  Pressure  due  to  current  in  coils  of  Magnet, 

Resistance. 

The  similarity  of  the  law  regulating  the  conduc- 
tive, inductive,  and  magnetic  circuits  can  easily  be 
seen. 

Thus  in  the  Conductive  Circuit     E  =  R  x  C 
Inductive         „         E  =  R  x  A 
Magnetic         „         E  =  RxL 
When  E  =  pressure  ;  R  =  resistance,  C  =  current ;  A  =  accu- 
mulation and  L  =  No.  of  lines  of  Force. 

In  an  elementary  book  of  this  kind  it  is  impossible  to 
enter  fully  into  any  one  portion  of  this  vast  subject,  but  it 
will  be  seen  that  looking  upon  "  circuits"  as  necessary 
parts  of  the  phenomena ;  the  peculiarity  of  always  having 
in  every  circuit  that  can  be  examined  two  points,  usually 
called  poles,  exhibiting  phenomena  just  the  opposite  of  each 
other  is  easily  understood.  Thus  a  perfect  magnet  like  a 
ring  of  iron  has  no  observable  poles.  When  however  we 
break  the  ring  we  have  lines  of  force  leaving  one  pole  and 
entering  the  other. 

Magnetic  Conductors. — Only  three  substances  have 
been  found  which  possess  the  property  of  being  magnet- 
isible  to  any  extent,  though  probably  this  phenomenon  is 
similar  to  conductors  and  insulators  in  the  conductive 
circuit,  and  with  greater  and  greater  magnetic  pressure 
more  and  more  substances  will  show  magnetic  phenomena. 
But  at  any  rate  the  ordinary  magnetic  substances  are  iron, 
nickel  and  cobalt,  and  of  these  iron  is  far  and  away  the 
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best.  Just  however  as  impurities  such  as  arsenic  in  copper 
greatly  reduce  its  value  as  a  conductor,  so  impurities  in 
iron  reduce  its  magnetic  properties.  A  little  manganese 
alloyed  with  the  iron  makes  an  alloy  almost  non- 
magnetic. 

THE  INTERACTION  OF  CIRCUITS. 

Interaction. — By  the  interaction  of  circuits  is 
meant  the  phenomena  which  occur  upon  bringing  circuits 
within  the  sphere  of  influence  of  each  other.  There  are 
six  ways  in  which  two  circuits  can  interact,  when  there 
are  three  kinds  of  circuits,  for  each  can  be  brought  within 
the  influence  of  one  similar  to  itself,  or  one  of  the  other 
two.  But  to  the  phenomena  attending  these  inter- 
actions, must  be  added  those  attending  the  actions  of  cir- 
cuits upon  neutral  bodies.     Then  we  can  have  the 

Conductive  circuit  within  the  influence  of  a  Conductive  circuit 
„  „         „        „  „        „  an  Inductive      „ 

„  „         „        „         „        „  a  Magnetic       „ 

Inductive       „         „        „         „        „  an  Inductive      „ 
„  „         „        „         „        „  a  Magnetic       „ 

Magnetic        „         „        „         „        „  a  Magnetic       „ 

and  three  others  namely  the  action  between  each  of  these 
three  and  a  neutral  circuit. 

In  considering  a  conductive  circuit  a  double  set  of  obsei 
vations  must  be  made,  one  concerning  the  phenomena 
inside  the  conductor,  one  concerning  those  outside.  The 
latter  are  perhaps  the  most  important  at  this  part  of  the 
subject.  The  current  in  a  conductor  seems  to  act  in  a 
direction  parallel  with  the  direction  of  the  axis  of  the  con- 
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ductor,  while  the  direction  of  the  external  action  or  in- 
fluence seems  to  be  at  right  angles  to  the  axis. 

Let  A  B  Fig  30,  represent  a  part  of  a  conductor  carrying 
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Fig.  30. 

a  current.  The  direction  of  the  current  is  parallel  to  the  axis 
AB.  The  external  phenomena  are  those  due  to  an  inductive 
circuit  or  circuits,  and  the  field  or  space  over  which  the  influ- 
ence extends  is  simply  the  dielectric  space  between  the  con- 
ductors bounding  the  inductive  circuit.  It  has  become  cus- 
tomary to  describe  all  phenomena  taking  place  in  this  field, 
also  in  the  magnetic  field  as  due  to  induction.  It  is  very  con- 
venient although  not  very  exact  to  do  this,  but  the  real  action 
is  the  bringing  of  something  not  previously  in  the  field  or 


Fig.  31. 

circuit,  into  it,  and  making  a  new  link  in  the  circuit.  The 
meaning  can  be  better  explained  from  examples.  Thus  let 
B.R.  Fig  31,  represent  a  conductive  circuit,  consisting  of  a 
source  and  copper  wire  R.R.     Let  C  be  another  piece  of 
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copper  wire  similar  to  R  not  in  the  circuit  nor  within  the 
influence  of  the  field.  None  of  the  phenomena  appearing 
in  R  will  be  expected  in  C  but  if  R  be  broken  and  0 
inserted  as  in  Fig  32,  C  becomes  a  part  of  the  conductive  cir- 


cuit and  no  one  is  surprised  to  find  it  carrying  current  and 
producing  a  field. 

Again  let  P.Pi  Fig  33,  represent  the  opposing  conductors 


Fio.  33. 


of  an  inductive  circuit  separated  by  air,  and  Q  a  conductor 
similar  to  P  or  P^,  but  not  in  the  circuit.  No  inductive 
phenomena  is  shown  by  Q  but  if  Q  be  brought  into  the 
position  Qi  Fig  34,  between  P  and  P^  it  forms  a  part  of 
the  circuit  and  accumulation  takes  place,  the  distribution 
being  as  shown  in  the  diagram. 


38  The  First  Principles  of 

Further  let  N  S  fig  35,  represent  a  magnetic  circuit  and 
let  there  be  a  piece  of  iron  outside  the  circuit.  No  infl- 
uence is  exerted  on  this  iron,  but  on  bringing  it  into  the 
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Fig.  35. 

field  as  in  fig  36,  the  resistance  of  that  part  of  the  field 
is  immediately  reduced,  the  lines  of  force  going  through  the 
iron  and  rendering  it  magnetic.  These  and  similar  con- 
siderations will  assist  in  explaining  the  action  of  circuits 
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Fig.  36. 


upon  neutral  bodies.  Besides  the  action  upon  the  foreign 
body  brought  into  the  circuit,  the  conditions  of  the 
circuit  itself  are  altered  and  changes  may  be  noted.  Thus 
the  bringing  in  of  C.  fig  32,  increases  the  resistance  of  the 
circuit,  and  correspondingly  decreases  the  current  if  the 
pressure  remains  the  same.  Similarly  the  introduction  of 
Q.  fig  34,  decreases  the  inductive  resistances  and  cor- 
respondingly increases  the  accumulation  the  pressure 
being  constant.     If  instead  of  inserting  the  conductor  Q 
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into  the  circuit,  the  dielectric  had  been  changed  for 
another  dielectric  of  different  specific  resistance  there 
would  have  been  a  corresponding  change  in  the  accumu- 
lation. This  seems  to  be  a  simpler  way  of  looking  at  the 
various  phenomena  than  to  attempt  to  explain  them  by 
-means  of  intricate  mathematical  formulae.  A  body  which  is 
not  in  the  circuit  can  therefore  show  none  of  the 
phenomena  of  the  circuit. 

Assuming  that  the  magnetic  field  is  due  to  lines  of 
polarised  molecules,  each  line  of  polarised  molecules 
forming  a  closed  circuit,  we  have  to  consider  what  happens 
when  lines  of  polarised  molecules  are  brought  into  contract 
with  other  similar  lines,  either  in  the  magnetic  or  in  the 
inductive  circuit.  In  the  first  place,  and  it  is  a  most 
important  fact,  no  two  lines  can  occupy  the  same  space, 
therefore  if  any  attempt  is  made  to  force  one  lot  of  lines 
a-mong  another  lot,  there  will  be  iisturbance  and  distortion 
of  field  of  some  kind. 

Suppose  we  bring  a  magnet  with  lines  of  force  into 
proximity  to  a  conductor  carrying  a  current.  Let  the 
magnet  be  parallel  to  the  axis  of  the  conductor,  by  this 
means,  we  forcibly  disturb  the  lines  of  polarisation  both  of 
the  magnet  and  of  the  conductor,  and  in  the  disturbed 
part  the  force  due  to  the  conductor  tends  to  make  the 
molecules  under  its  influence  take  up  a  position  at  right 
angles  to  the  molecules  under  the  influence  of  the  magnet. 
In  fact  we  have  two  sets  of  forces  acting  at  right  angles — 
the  result  being  that  under  these  forces  either  the  con- 
ductor or  the  magnet  moves,  till  the  forces  are  acting  in 
the  same  direction.  Usually  the  magnet  and  the  magnetic 
force  is  small  in  comparison  than  that  of  the  conductor, 
and  therefore  the  tendency  is  for  the  magnet  to  place 
itself  at  right  angle,  to  the  axis  of  the  conductor  as  in  this 
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position  the  polarising  forces  are  parallel  or  in  the  same- 
direction.  Our  meaning  will  be  clearer  by  an  examination, 
of  Fig  37. 


(I. 
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Fig  37. 

In  Fig  37,  C.  C.  represents  the  conductor — a  chain  of* 
polarised  molecules  due  to  which  is  shown  by  the  circle  A. 
while  N.S.  represents  the  magnet  with  polarised  molecules- 
The  arrows  represent  the  direction  of  the  force  causing  polari- 
tion  in  each  case.  In  Fig  37  two  such  polarised  molecules 
come  into  contact  at  A — and  the  aim  of  these  molecules  is  to 
get  into  the  position  due  to  the  force  of  polarisation  due  to- 
the  current,  that  being  stronger  than  the  force  of  polarisa- 
tion due  to  the  magnet.  If,  however,  the  magnet  is 
powerful  compared  to  the  conductor,  then  the  conductor 
will  move,  the  polarised  molecules  of  both  conductor  and 
magnet  having  finally  the  direction  due  to  the  magnet 
force. 

Thus  the  tendency  of  a  magnet  and  a  conductor  when 
brought  into  juxtaposition  is  to  place  their  axes  at  right 
angles  to  one  another. 

We  have  already  seen  that  the  action  of  a  current  in  a 
coil  upon  a  core  of  iron  or  steel  is  to  render  the  core 
magnetic,  the  one  temporarily,  the  other  permanently.- 
Reversing  the  current  in  the  coil  will  reverse  the  polarity 
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of  the  temporary  or  permanent  magnet,  so  a  permanent 
magnet  can  be  demagnetised  and  remagnetisid  in  the 
opposite  direction  by  inserting  it  into  a  coil  carrying  a 
current.  The  apparatus  of  a  coil  carrying  current  and 
magnetising  a  core  is  reversible,  for  if  we  have  a  coil 
not  carrying  a  current  and  insert  a  magnet  into  that 
coil  a  temporary  current  is  set  up  in  the  coil,  the  direction 
of  which  depends  upon  whether  the  N  or  the  S  pole  in  the 
magnet  is  first  inserted.  When  the  magnet  is  withdrawn,, 
a  similar  temporary  current  but  opposite  in  direction  to 
that  at  insertion  takes  place,  also  if  a  conductor  is  brought 
from  outside  into  any  part  of  a  magnetic  field  a  current 
is  temporarily  set  up  in  that  conductor. 

A  little  more  attention  may  be  given  to  this.  The  field 
due  to  a  current,  as  we  have  seen,  causes  iron  filings  to 
assume  the  position  of  closed  rings  round  the  conductor. 
Every  field  is  proportionate  to  the  strength  of  the  current. 


Fig.  38. 

thus  we  may  say  every  current  gives  a  definite  number  of 
lines  of  force.  It  is  important  to  know  if  the  reverse  of 
this  is  the  case,  and  to  know  if  a  definite  number  of  closed 
lines  of  force  will  give  a  definite  current.  The  magnetic 
field  consists  of  a  number  of  loops  of  polarised  moleculea 
forming  a  number  of  closed  circuits.     Let  N  S  Fig  38,  be  a 
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magnet  with  the  field  as  shown.  If  a  conductive  circuit 
C  is  brought  into  the  field,  a  certain  number  of  loops  or 
lines  of  force  thread  the  conductor,  and  these  set  up  a  defi- 
nite temporary  current  in  the  conductor.  If  the  number 
of  loops  of  force  which  thread  the  conductor  is  doubled, 
then  the  temporary  current  set  up  is  also  doubled.  The 
current  is  proportional  to  the  number  of  loops,  so  that 
moving  the  conductor  from  position  C  to  position  Cj  so  as  to 
be  embraced  by  more  loops,  will  increase  the  current.  Of 
^course  the  number  of  closed  loops  is  exactly  the  same  as  the 
number  of  lines  going  through  the  conductive  circuit,  and 
^  so  it  is  customary  to  say  the  current  is  proportional  to  the 
number  of  lines  of  force  which  pass  through  the  circuit, 
"c  We  have  seen  that  a  single  loop  of  conductor  possesses  all 
the  properties  of  a  magnet,  and  as  any  conductive  circuit 
is  a  closed  circuit,  it  is  needless  to  say  it  is  magnetic,  there- 
fore if  any  conductor  be  brought  into  the  conductive  field, 
a,  current  will  be  temporarily  set  up  in  the  conductor  so 
r  brought  into  the  field.  We  have  seen,  it  depends  upon  the 
direction  of  the  current  in  the  coil  for  the  reversal  of  the 
magnetic  circuit,  so  it  depends  upon  the  direction  of  the 
-current  if  any  in  a  conductor  brought  into  a  conductive 
field  whether  the  action  of  the  field  upon  the  conductor 
tends  to  decrease  or  to  increase  that  current.  It  may 
at  once  be  said  that  if  a  neutral  conductor  is  brought 
into  a  conductive  field,  the  current  induced  is  opposite 
in  sign  to  that  of  the  conductor  carrying  the  current, 
so  if  a  conductor  carrying  a  current  be  brought  into  the 
field  of  another  conductor  carrying  a  current  of  opposite 
/  sign,  the  current  will  be  increased ;  if  of  the  same  sign, 
^  it  will  be  diminished.  We  may  now  summarise  the 
interactions. 

A  conductor  brought  within  the  influence  of  a  conduc- 
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tive  circuit  has^induced  in  it  a  temporary  current  opposite 
in  sign  to  that  of  tlie  conductor  carrying  the  current,  but 
on  being  taken  out  of  the  circuit  has  a  temporary  equal 
current  of  the  same  sign.  Thus  if  AB  Fig  39,  is  a  con- 
ductor called  a  primary  conductor  carrying  a  current  in 
the  direction  shown  by  the  arrow,  and  a  conductor  CD  a 
secondary  conductor  is  h-ougkt  into  its  field,  a  temporary 
current  is  set  up  in  CD  but  in  the  direction  shown  by  the 
arrow. 


Fig.  39. 


On  taking  CD  out  of  the  field  of  AB,  a  current  is  set 
up  similar  to  that  when  brought  in,  but  opposite  in  direc- 
tion to  the  original  current  set  up  in  CD  and  is  now  in  the 
same  direction  as  that  in  AB  Fig  40. 


Fig.  40. 

If  the  conductor  CD  is  carrying  a  current  and  is 
brought  within  the  field  of  AB,  then  if  the  currents 
are  in  the  same  direction  there  will  be  a  temporary  decrease 
in  the  current  in  CD,  and  on  taking  it  out  of  the  field 
can  equal  temporary  in  increase. 

Similarly  if  a  conductor  is  brought  into  the  field  of  a 
magnet  a  temporary  current  is  set  up  in  the  conductor 
in  one  direction,  and  when  the  conductor  is  taken  out  of 
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the  field  an  equal  current  is  temporarily  set  up  in  the 
opposite  direction. 

Attraction  and  Repulsion. — It  is  convenient  for 
the  mathematicians  to  accept  the  phenomena  called 
attraction  and  repulsion,  but  as  far  as  experiment  is  con- 
cerned there  is  no  proof  of  the  existence  of  any  such 
property  as  repulsion.  If  we  attempt  to  put  a  second 
barrel  of  water  into  a  barrel  that  is  full  already  there  is 
no  repulsion  in  the  matter,  you  simply  cannot  put  two 
bodies  into  the  same  space.     The  existence  of  the  theory 

•  of  chains  of  polarised  particles  and  repulsion  cannot  con- 
tinue. Once  obtain  a  chain  of  polarised  molecules,  the  space 
occupied  by  that  chain  is  impervious  to  any  other  chain  and 
any  attempt  to  place  other  molecules  polarised  or  not  in  that 
particular  space  is  opposed.  Many  writers  have  attacked  this 
theory  of  repulsion,  but  as  we  say  it  continues  to  be  taught 

<  because  of  its  convenience  to  the  mathematicians.  Just  as  it 
takes  a  certain  force  to  drive  a  nail  into  a  block  of  wood,  and 
we  might  term  this  force  the  repulsion  of  the  wood,  so  it^takes 
a  certain  force  to  remove  one  set  of  molecules  from  a  given 
position  and  replace  them  by  another  set.  Assume  then  that 
the  theory  of  chains  of  polarised  particles  has  some  ground 
for  being  believed.  Let  us  examine  what  happens  when 
such  lines,  loops,  or  chains  are  brought  into  contact.  The 
magnetic  lines  of  force,  just  like  the  current  select  the 
path  of  least  resistance  for  the  greatest  action,  and  if  when 
complete  a  foreign  body  is  brought  within  the  influence 
of  the  circuit  offering  a  path  of  less  resistence  than  that 
originally  followed,  the  lines  change  their  old  path  for  the 
new,  or  divide  themselves  in  inverse  proportion  to  the  re- 
sistance. There  also  seems  to  exist  the  property  of 
shortening  the  path  when  such  shortening  is  possible.  It 
is  this  shortening  property  which  forms  what  is  termed 
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the  power  of  attraction.  Let  Figs  41,  and  42,  represent 
magnets  with  polarised  chains  as  shown.  Let  the  shaded 
portion  represent  the  positive  part  of  the  polarised  particles. 


Fig  41. 

When  polarised  the  arrangement  of  the  particles  in  the 
oircuit  is  such  that  the  +  half  of  one  particle  is  contiguous 
to  the  —  half  of  the  next  and  so  on.  If  the  fields  are 
brought   into   contact,   there   will   still   be  continuity  of 


^„,-.a 1-.. 


Fig  42. 

polarisation  when  the  +  pole  is  brought  nearer  or  into 
contact  with  the  —  pole,  and  the  previously  double  field  be- 
comes one,  and  the  total  resistance  is  lessened.  Thefieldsas  it 
were  try  to  shorten  up  when  opposite  poles  are  brought  near 
each  other,  or  put  another  way  if  the  field  of  B  comes  with- 
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FiG  43. 

in  the  influence  of  the  field  of  A  with  opposite  polarity  either 
— to  +  or  +  to —  there  is,  as  it  were,  an  attractive  force  ex- 
erted to  bring  the  opposite  poles  into  contact.  If,  however, 
similar   poles  are  brought    together  as   in   Fig    43,  and 
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Fig  44,  it  will  be  at  once  seen  that  continuity  of  polarisation 
will  not  be  kept  up  if  the  particles  join,  and  as  the  force 
under  which  they  act  is  a  polarising  force  they  have  no  ten- 
dency to  join,  and  wont  join.  The  efforts  to  bring  the  similar 
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Fig.  44. 
poles  together  is  an  effort  to  put  two  sets  of  lines  in  the 
same  space,  and  there  is  a  resistance  to  this  just  as  there 
is  to  put  two  masses  of  iron  into  the  same  place,  and  to- 
this  resistance  the  name  repulsion  has  been  given.  If  we 
conventionally  use  the  terms  attraction  and  repulsion,  the 
conventiou  admits  of  the  simple  rule. 

Unlike  poles  attract,  like  poles  repel. 
Similarly  the  inductive  fields  set  up  by  currents  cause 
•    Unlike  currents  to  attract,  like  currents  to  repel. 
It  is  impossible  to  lay  too  much  importance   to  the 
simple  statement  that  no  electric  or  magnet  phenomena 
occur  in  bodies  that  are  outside  the  circuits.     In  order  to 
obtain  the  phenomena  in  any  body  it  must  form  a  part  of 
the  circuit.     In  practical  work  it  is  sometimes  necessary 
to  ensure  one  field  not  being  interfered  with  by  any  other 
field,  and  apparatus  is  frequently  enclosed  in  material  to 
guard  it  from  any  such  interference.     This  is  especially  the 
case  in  galvanometric  apparatus  to  be  used  on  board  ships  , 
for  cable  work,  frequently  in  telegraph  work.     When  two 
or  more  distinct   fields  are   permitted   to   interfere   par- 
ticularly in  delicate  work  such  as  telephonic  work,  it  is 
impossible  to  obtain  good  results.     Hence  the  necessity  of 
thoroughly  studying  all  the  phenomena  connected  with 
iterf  erence  of  circuits. 


CHAPTEK    III. 

How  TO  Produce  Electrical  Pressure. 

Apparatus.  The  apparatus  constructed  to  generate 
electrical  pressure  may  conveniently  be  divided  into  four 
classes,  though  the  fundamental  effect  in  each  case  may 
be  taken  as  chemical : 

1.  Induction  or  frictional  apparatus.        *- 

2.  Batteries. 

3.  Dynamos. 

4.  Thermo-electric  apparatus. 

Induction  or  Frictional. — This  was  the  earliest  known 
apparatus  for  obtaining  electrical  phenomena.  A  piece 
of  amber  or  a  piece  of  dry  glass,  a  rod  of  ebonite  or  of 
sealing-wax,  etc.,  rubbed  with  a  piece  of  dry  silk  will  attract 
small  pieces  of  paper  or  pith.  But  a  more  convenient 
apparatus  than  this  was  first  introduced  in  the  latter 
part  of  the  seventeenth  century,  which  developed  into  the 
well-known  cylinder  and  plate-glass  machines.  Dr.  Gilbert^ 
in  1600,  in  his  Be  Magnete^  mentions  a  number  of  sub- 
stances having  this  attractive  property,  as  amber,  gagates, 
diamond,  sapphire,  carbuncle,  iris  gemma,  glass,  hard  resin,, 
etc.,  and  Sir  Isaac  Newton,  in  1675,  communicated  a 
paper  to  the  Koyal  Society  on  the  subject.  Stephen  Gray^ 
in  papers  commencing  with  1720,  describes  his  experiments, 
which  resulted  in  a  kind  of  electric  telegraph,  and  the 
better  knowledge  of  conductors  and  non-conductors.  The 
work  of  these  and  a  dozen  other  early  experimenters  is  a 
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fascinating  study,  esj^ecially  to  those  who  are  interested  in 
the  archaeology  of  the  telegraph.  This  class  of  machine, 
too,  is  useful  in  the  study  of  the  inductive  circuit.  The 
best  is  that  of  Wimshurst.  The  ordinary  pressure 
from  these  machines  is  about  10,000  volts,  but  a  pressure 
of  40,000  or  50,000  volts  is  easily  obtained. 

Fig  45,  shows  the  old  form  of  plate  machine  AA  is  the 
glass  plate  BB  are  rubbers  clamped  to  the  frame  and  be- 
tween which  the  glass  is  rotated  by  means  of  the  handle 


Fig.  45. 


G.  A  flap  of  black  silk  C  partially  covers  the  glass  and 
serves  to  prevent  conduction  from  that  part  of  the  plate 
through  the  air.  The  conductor  D  has  its  ends  bent 
round  the  plate,  the  inside  of  the  curved  part  being  fur- 
nished with  metal  points  said  to  collect  the  electricity  but 
"ij^ally  diminishing  the  resistance  of  the  circuit  in  a  par- 
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ticular  direction,  E  is  a  knob  on  the  conductor  serving  as 
the  point  in  the  circuit  from  which  to  charge  a  Leyden 
jar  or  a  condenser  or  to  obtain  other  phenomena,  FF  are 


Fig.  46. 

the  insulated  supports  of  the  conductor,  and  H  the  base 
of  the  machine. 

Wimshurst. — The    Wimshurst   machine,  Fig  46,  was 
designed  about  the  year  1883.     It  consists  of  two  circular 
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discs  of  thin  glass,  attached  to  loose  bosses  revolving  on  a 
fixed  horizontal  spindle,  in  such  way  as  to  be  rotated  in 
opposite  directions  at  about  one-eighth  of  an  inch  apart- 
Each  disc  is  driven  by  a  cord  or  belt  from  a  large  pulley,, 
of  which  two  are  attached  to  a  spindle  below  the  machine, 
the  spindle  is  rotated  by  a  handle,  the  difference  in  the 
direction  of  rotation  of  the  discs  being  obtained  by  the 
crossing  of  one  of  the  belts.  Both  discs  are  well  var- 
nished, and  attached  by  cement  to  the  outer  surface  of 
each,  are  twelve  or  more  radial  sector-shaped  plates  of  thin 
brass  or  tinfoil,  disposed  around  the  discs  at  equal 
distances  apart.  It  appears,  probable  that  the  sectors 
acting  for  the  time  as  carriers  on  the  one  disc,  act  at  the 
same  time  as  inductors  to  the  other.  The  two.  sectors- 
situated  on  the  same  diameter  of  each  disc  are  twice  in 
each  revolution  momentarily  placed  in  metallic  connection 
with  one  another  by  means  of  a  pair  of  fine  wire  brushes 
attached  to  the  ends  of  a  curved  rod,  supported  at  the 
middle  of  its  length  by  one  of  the  projecting  ends  of  the 
fixed  spindle  upon  which  the  discs  rotate;  the  metal 
sector-shaped  plates  just  grazing  the  tips  of  the  brushes  as 
they  pass  them.  The  position  of  the  two  pairs  of  brushes 
with  respect  to  the  fixed  collecting  combs,  and  to  one 
another,  is  variable,  and  there  is,  as  in  the  case  of  the 
collecting  commutator-brushes  of  dynamo-electric  apparatus^ 
a  position  of  maximum  eflBiciency.  This  position  appears 
to  be  generally  when  the  brushes  touch  the  disc  on 
diameters  situated  about  45 '^  from  the  collecting  combs, 
and  the  curved  rods  on  the  two  sides  are  at  right  angles 
to  one  another,  as  shown  in  the  engraving. 

The  fixed  conductors  consist  of  two  forks  furnished  with 
collecting  points  directed  towards  one  another  and  towards 
the  two  discs,  which  rotate  between  them ;  the  position  of 
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the  two  forks,  which  are  supported  on  insulating  supports 
of  some  kind  being  along  the  horizontal  diameter  of  the  disc. 
To  these  collecting  combs  are  attached  terminal  knobs, 
whose  distance  apart  can  be  varied  by  projecting  ebonite 
handles,  or  otherwise. 

With  a  machine  composed  of  two  glass  plates  only  14  J 
inches  in  diameter  there  is  produced,  under  ordinary 
atmospheric  conditions,  a  powerful  spark  discharge  between 
the  knobs  when  they  are  separated  by  a  distance  of  4J 
inches,  a  pint-size  Ley  den  jar  being  in  connection  with 
each  knob;  and  these  4J-inch  discharges  take  place  in 
regular  succession  at  every  two  and  a  half  turns  of  the 
handle.  It  is  usual  to  construct  the  machine  as  shown  in 
the  illustration,  with  small  Ley  den  jars  or  condensers  at- 
tached to  conductors,  by  which  the  spark  is  materially 
increased. 

This  machine  is  self -exciting,  though  the  self-excitation 
is  found  to  depend  somewhat  on  the  number  of  sectors. 
With  a  higher  number  the  machine  excites  itself  very 
freely,  but  the  sparks  are  more  feeble ;  with  fewer  sectors- 
it  is  less  easy  to  excite,  but  the  sparks  are  much  more 
powerful  when  obtained. 

When  using  induction  machines  the  moisture  of  the  air 
often  causes  experiments  to  fail.  The  atmosphere  becomes, 
saturated  with  moisture,  and  it  is  often  impossible  to  get  the 
machine  in  working  order.  Toepler  tries  to  prevent  this  by 
placing  the  whole  machine  on  a  kind  of  stove.  The  Wims- 
hurst  machine  and  that  of  Carre  are  the  least  subject  to- 
these  defects  of  any  that  we  are  acquainted  with. 

Leyden  Jar  and  Condenser. — For  many  experimental 
purposes  an  inductive  circuit  is  formed  by  using  a  Leyden 
jar,  the  conductors  on  the  surfaces  of  which  are  placed 
respectively  in  conductive  connection  with  the  conductor 
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and  the  rubber  of  the  machine.  Fig  47,  shows  an  ordinary 
form  of  Leyden  jar  which  consists  merely  of  a  glass  vessel 
coated  three  parts  up  inside  and  outside  with  tinfoil  as 
shown  in  section  at  A  and  B.  A  metal  knob  is  metalli- 
cally connected  to  the  interior  tinfoil  as  shown.     When 
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Fig.  47. 


charging,  the  Leyden  jar  has  its  exterior  coating  connected 
to  one  pole  of  the  machine,  its  interior  to  the  other,  the 
glass  being  the  dielectric.     It  will  be  seen  at  once  that 


A 

Fia.  48. 


the  same  effect  is  obtained  by  taking  a  flat  piece  of  glass, 
B,  Fig  48,  coating  it  with  tinfoil,  Aj  A,  on  both  sides,  and 
putting  A  into  contact  with  one  pole,  and  Aj  with  the  other. 
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This  latter  form  is  termed  a  condenser,  but  in  con- 
densers intended  for  practical  work  the  dielectric  is  usually 
paraffin,  and  the  strips  of  conductor  are  more  numerous. 
Thus,  Fig  49,  by  a  number  of  strips  of  conductor,  A,  A,  A, 
separated  from  other  strips,  A^,  Aj,  Aj,  by  paraffin,  all 
the  A  strips  being  connected  to  a  terminal,  T,  and  all  the 
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Fig.  49. 


Ai  strips  to  a  terminal,  Tj,  we  decrease  the  dielectric  resist- 
ance and  increase  the  accumulation.  Condensers  of  this 
kind  are  largely  used  in  duplexing  submarine  cables.  The 
cable  itself  is  like  a  long  Leyden  jar,  and  in  working,  it 
acquires  a  charge,  which  charge  has  to  be  balanced  to 
obtain  the  conditions  necessary  for  duplex  working.  Con- 
densers are  also  used  to  increase  the  effect  of  induction 
coils. 

Batteries. — This  class  of  apparatus  is  due  to  the  investi- 
gations of  Galvani  and  Volta.  Of  the  making  of  batteries 
there  is  no  end,  but  of  the  hundreds  that  have  been 
devised  only  four  or  five  will  be  mentioned  here.  A  good 
battery  requires  the  properties  of  high  electric  pressure, 
constancy,  longevity,  and  low  internal  resistance.  No 
combination  gives  more  than  about  two  volts  pressure,  but 
it  is  easy  to  add  the  pressure  of  cell  to  cell  so  that  any 
required  pressure  may  be  obtained.    A  single  combination. 
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such  as  that  shown  in  Fig  50,  is  termed  a  cell,  and  a  battery 
is  composed  of  one  or  more  cells. 

Contact  Y.  Chemical  Theory. — The  generation  of  elec- 
trical pressure  has  been  attributed  by  one  school  of 
philosophers  to  the  contact  of  two  different  metals  or 
substances,  and  by  another  school  to  the  chemical  action 
of  one  substance  upon  another.  The  controversy  seems 
to  us  to  touch  upon  the  ridiculous,  for  a  little  consider- 


FiG.  50. 

ation  will  reduce  both  contact  and  chemical  to  one,  and 
that  one  is  chemical.  It  is  well  known  that  chemical 
changes  are  produced  in  some  substances  when  they  come 
into  contact  with  certain  other  substances.  It  is  also  as 
well  known  that  the  force  which  causes  chemical  action  is 
exerted  only  at  insensible  distances,  and  frequently  the 
mere  bringing  into  ordinary  contact  does  not  bring  the 
substances  within  the  distance  at  which  chemical  action 
can  take  place.  Further,  it  may  be  assumed  that  the 
substance,  or  substances,  chemically  acted  upon  undergo 
a   preparatory  change   before  the  commencement  of  the 
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action.  At  wliat  distance  this  preparatory  change  com- 
mences is  not  known,  but  we  hold  it  probable  that  it  is 
this  preparatory  change  that  gives  support  to  the  contact 
theory.  At  any  rate  if  contact  sets  up  the  pressure, 
chemical  action  is  required  to  continue  it.  From  these 
remarks  it  will  be  inferred,  and  justly  so,  that  the  effective 
pressure  obtained  depends  upon  the  materials  selected  in 
the  combination. 

The  Couple. — A  combination  or  a  cell  generally  consists 
of  two  dissimiliar  metals  immersed  in  a  conducting  liquid, 
which  acts  chemically  upon  one  of  them.  The  metal  acted 
upon  is  termed  the  +  or  the  electro-positive,  the  other  the 
—  or  the  electro-negative  plate.  The  following  is  a  list 
of  metals,  commencing  with  the  most  electro-positive  when 
immersed  in  dilute  sulphuric  acid.  The  order  may  be 
.slightly  changed  when  immersion  is  in  some  other  electro- 
lyte. 

+  Zinc,  tin,  lead,  iron,  nickel,  bismuth,  antimony,  copper, 
silver  — 

Trom  these  metals  the  greatest  effective  pressure  in 
dilute  sulphuric  acid  would  be  with  the  couple  zinc  and 
silver,  but  as  silver  is  expensive  and  very  little  better  than 
•copper,  zinc  and  copper  is  a  couple  frequently  used. 

Those  who  desire  to  investigate  the  relative  electrical 
positions  of  the  various  metals  and  other  substances  in 
different  electrolytes,  will  find  a  very  comprehensive 
account  of  the  whole  matter  in  Dr.  D.  Tommasi's  book  on 
batteries.  Perhaps  the  most  thorough  investigation  on 
the  subject  is  that  by  Dr.  Gore,  of  Birmingham,  who 
tabulates  the  position  of  some  two  dozen  substances  in 
various  solutions  at  various  degrees  of  concentration  and 
<lifferent  temperatures. 
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Constancy. — If  a  simple  combination  of  zinc  and  copper 
in  dilute  sulphuric  acid  is  taken  as  in  Fig.  50,  it  will  be 
found  when  external  contact  is  made  that  the  copper  plate 
is  covered  with  minute  bubbles  of  gas,  which  increase  in 
size  and  come  rapidly  to  the  surface.  If  the  gas  is  collected 
and  tested  it  is  found  to  be  hydrogen.  Starting  then 
with  the  couple  zinc  and  copper,  as  soon  as  the  copper  plate 
is  covered  with  hydrogen  we  get  another  couple,  zinc  and 
hydrogen,  and  the  tendency  of  this  couple  is  just  the 
'Opposite  of  the  original  one.  Assuming  then  that  the 
electrical  pressure  originally  acts  from  Zn  to  Cu,  under 
the  new  conditions  a  reverse  pressure  is  set  up  from 
hydrogen  (H)  to  zinc  (Zn).  This  is  smaller  than  the 
original,  and  the  result  is  an  electrical  pressure  from  Zn 
to  Cu,  but  diminished  by  the  counter  pressure  H  to  Zn. 
It  will  at  once  be  seen  that  constancy  cannot  be  obtained 
by  a  combination  of  this  kind,  so  many  attempts  have  been 
made  to  add  something  to  the  original  combination  that 
should  combine  with  the  hydrogen,  keeping  the  copper 
plate  clear  and  interfering  no  further  with  the  electrical 
action,  and  thus  be  enabled  to  get  a  constant  electrical 
pressure,  which  would,  of  course,  through  a  constant  re- 
sistance give  a  constant  current.  Prof.  Daniell  was  the 
first  to  solve  the  difficulty,  and  the  battery  known  q& 
Daniell's  will  now  be  described. 

Daniell's  Battery. — A  Daniell's  battery  is  generally 
constructed  of  an  outer  case  of  copper,  Cu,  a  porous- 
earthenware  pot,  D,  and  a  rod  of  zinc,  Zn.  Binding  screws 
for  fastening  the  external  conductors  are  fixed  to  the  zinc 
and  copper.  The  zinc  rod  is  amalgamated ;  for  ordinary 
commercial  zinc,  w^hen  used  as  the  active  plate  of  a  battery 
couple,  is  liable  to  be  uselessly  wasted  when  not  required 
by  local  action,  due  to  couples  arising  between  the  zinc  and 
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the  impurities  it  contains.  To  prevent  this  local  action^ 
the  zinc  is  amalgamated  by  being  first  cleaned  with  sulphuric 
or  by  hydrochloric  acid  and  then  rubbed  with  mercury. 
The  mercury  forms  an  amalgam  with  the  zinc,  which,  so- 
far  as  electrical  action  is  concerned,  has  all  the  properties 
of  pure  zinc  at  a  much  less  cost.  The  mercury  can  be 
rubbed  on  the  zinc  by  means  of  a  clean  rag.  The  amal- 
gamated zinc  is  placed  in  the  porous  pot,  which  is  then 
nearly  filled  with  dilute  sulphuric  acid,  one  part  acid  ta 
eight  of  water.  The  outer  jar  is  nearly  filled  with  a  solution 
of  sulphate  of  copper.  A  perforated  ledge,  or  a  kind 
of  perforated  pocket  in  the  outer  jar,  permits  a  quantity 
of  the  sulphate  of  copper  to  be  kept  in  the  cell  so  as  always- 
to  have  a  saturated  solution.  The  action  is  somewhat  as- 
follows : 

Cu  ^  Zn  Ca 

I     CuSO^        H2SO4    II    H2SO4         CUSO4     I 


The  sulphuric  acid  in  contact  with  the  zinc  plate  is  decom- 
posed, forming  sulphate  of  zinc  (ZnS04),  the  H  liberated! 
decomposes  the  sulphate  of  copper  (CUSO4),  forming 
H0SO4,  setting  free  Cu,  which  is  deposited  upon  the  copper 
plate.  Thus  the  copper  plate  is  always  kept  clean.  The 
conditions  before  and  after  the  circuit  is  closed  is  thus 
shown  : 

Before     Cu  CuSO^  HgSO^  Zn 

Copper.   Sulphate  of  Copper.    Sulphuric  Acid.    Zinc 

After  CuCu  SO^Hg  SO^Zn 

Copper  on  Copper.    Sulphuric  Acid.    Sulphate  of  Zinc. 

Grove's  Battery. — A  modification  of  Darnell's  battery  is- 
that  of   Grove,   wherein   nitric   acid  takes   the  place   of 
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^  sulphate  of  copper,  and  a  platinum  plate  that  of  the  copper 
plate.     The  action  may  be  shown  thus  :  ,  a    ,^ 

Beiore  closmg  circuit         ^    ;^       ',    ..  ^ 

Pt  N2O5  H2SO4  Zn 

Platinum.     Nitric  Acid.    Sulphuric  Acid.    Zinc. 
After 

Pt  N2O4  OH2  SO^Zn 

Platinum.     Nitrous  Acid.    Water.    Sulphate  of  Zinc. 
^The  Bunsen  battery  is  similar  to  Grove's,  except  that  a 
carbon  plate  is  substituted  for  platinum. 

The  Leclanche  Battery. — This  battery  is  not  so  con- 
stant as  the  others  mentioned,  but  it  is  largely  used  for  such 
^  purposes  as  electric  bell  work,  where  intermittent  currents 
are  wanted,  and  although  it  rapidly  polarises  on  closing  the 
circuit,  it  soon  recovers  its  full  electrical  pressure.  Another 
good  feature  about  this  battery  is  that  it  is  less  liable  to 
local  action  than  the  Daniell  and  many  others.  In  it  the 
zinc  plate  is  put  into  a  solution  of  salammoniac,  while  the 
carbon  plate  is  surrounded  with  crushed  binoxide  of 
manganese.  The  action  may  be  indicated 
Before     C  2Mn02  2NH4CI  Zn 

Carbon.       Binoxide  of         Salammoniac.        Zinc. 
Manganese. 
After     C  Mn203^  HgO         2NH3  ZnQ\^ 

Carbon.  Sesquioxide  of  Water.   Ammonia.    Chloride  of 

Manganese.  Zinc. 

Secondary  Batteries. — The  batteries  hitherto  men- 
tioned and  scores  of  similiar  batteries  are  called  primary 
batteries,  in  contradistinction  to  another  class  that  has  lately 
been  developed  for  practical  use,  termed  secondary  batteries. 
In  primary  batteries,  the  materials  when  once  used  have 
^  to  be  renewed.    In  secondary  batteries,  on  the  contrary,  the 
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materials  can  be  renovated  and  used  over  and  over  again. 
If  we  take  a  couple  consisting  of  two  lead  plates  in  dilute 
sulphuric  acid,  and  place  the  couple  in  a  conductive  circuit 
as  in  Fig  51,  one  of  the  lead  plates  becomes  coated  with  a 
thin  coating  of  lead  peroxide.  If  now  this  cell  is  taken 
out  of  the  circuit  and  placed  in  a  circuit  of  its  own,  of 
which  it  forms  the  source,  on  completing  the  external 
circuit,  a  current  passes  in  the  external  circuit  from  the 
oxidised  plate  to  the  other  plate.     The  cells  then  are  rever- 


sible. A  current  passed  through  them  produces  certain 
chemical  changes.  The  sending  of  the  current  through  the 
cells  is  called  charging.  When  the  cells  are  discharged 
they  form  the  source  of  the  electrical  pressure  and  current. 
During  discharge  reverse  chemical  changes  take  place,  the 
■combination  thus  regaining  its  original  state.  In  practice, 
however,  they  are  only  partially  discharged  and  then 
recharged.  By  using  lead  plates  alone  only  a  comparatively 
small  effect  can  for  a  long  time  be  obtained,  the  plates 
getting  better  and  better  after  numerous  chargings  and  dis- 
chargings  till  the  plate  that  is  oxidised  becomes  thoroughly 
porous,  and  offers  a  very  large  surface  to  the  action  of  the 
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electrolyte.  To  save  the  timea^id  cost  of  "making  plates," 
that  is,  getting  thoroughly  porou^vplates,  numerous  devices 
have  been  put  forward  till  the  best  of  the  modern  secondary 
batteries  consists  of  a  "grid,"  which  is  cast  of  an  alloy 
of  lead  and  antimony.  The  holes  in  the  grid  taper  out- 
wards. The  plates  intended  for  positives  are  filled  up  with 
a  paste  made  of  red  lead  and  sulphuric  acid,  the  negatives 
being  filled  with  a  paste  of  litharge  and  sulphuric  acid. 
The  exact  chemical  change  that  takes  place  in  charging  and 
discharging  these  lead  reversible  batteries  is  not  definitely 
settled.  M.  St.  Drzewiecki  believes  the  positive  plate  aft*  r 
charge  to  be  coated  with  a  combination  having  the  formula 
HgPbgO^,  and  this  after  in  discharge  is  reduced  to  Pb02. 
The  negative  plate  after  charge  consists  of  lead  hydrate 
2HPb,  and  after  discharge  of  a  mixture  of  hyposulphate 
and  sulphate  of  lead. 

Longevity. — The  length  of  life  of  a  battery  depends  upon 
the  work  it  has  to  do,  the  attention  paid  to  it,  and  the 
amount  of  local  action  that  takes  place.  With  regard  to 
secondary  batteries,  there  is  no  real  trustworty  data  to 
enable  a  correct  judgment  to  be  formed.  With  careful 
attention  ten  years  should  be  a  short  life  for  this  class  of 
battery. 

Internal  Resistance. — The  internal  resistance  of  a  cell 
depends  upon  the  surface  area  of  the  opposed  plates,  the 
electrolyte  used,  the  condition  of  the  electrolyte,  the 
quality  of  the  porous  pot,  and  the  distances  between  the 
plates. 

Arrangement  of  Batteries. — The  battery  must  be  se- 
lected, and  arranged  with  due  consideration  for  the  work  it  has 
to  do.  In  the  first  place,  it  is  necessary  to  have  sufficient 
electrical  pressure  to  overcome  the  resistance  in  the  circuit. 
This  resistance  may  be  divided  into  two  parts,  one  external 
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to  the  battery,  the  other  the  internal  resistance  of 
the  battery  itself.  Hence  we  may  write  Ohm's 
formula 

E 


^^= 


K  +  r* 


When  R  =  the  external  resistance,  and  r  the  internal  resis- 
tance. To  obtain  the  desired  pressure,  cells  are  connected 
in  series  as  in  Fig  52.     li  n  cells  are  placed  in  series,  then 


\f^    \f^ 


Cm.        Zji 


Plan. 

Cu  Zr 


Zn 


Section. 

Fig.  52. 

the  electrical  pressure,  E,  is  increased  n  times,  and  the 
internal  resistance  is  also  increased  n  times.  The  formula 
then  becomes 

The  available  pressure  for  use  in  the  external  circuit  is 
not  increased  n  times,  but  something  less,  considerably  less 
if  the  internal  resistance  is  large.  Thus,  we  have  one  reason 
for  keeping  the  internal  resistance  as  low  as  possible — viz., 
that  as  much  available  pressure  as  possible  shall  be 
had    for    use    in    the    external    part      of    the    circuit 
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resistance,    R, 


"  When    the    external 

when    the    poles   are   joined    by    a 
conductor,    and    can    be    neglected, 
becomes 


is    very   small,    as 

short,    thick,    good 

the   above    formula 


C  = 


nr 


little  of  the  current  developed  by  the  pressure  is  then 
practically  utilisable.  When  R  is  so  small  that  nearly 
the  whole  current  goes  through  the  internal  part  of  the 
circuit,  the  battery  is  said  to  be  short-circuited. 

If  there  are  difficulties  in  the  way  of  getting^  E  suffici- 
ently large  because  of  the  resistance  r,  we  can  arrange 
cells  to  diminish  r,  still  having  E  as  large  as  we 
require. 

By  arranging  n  cells  in  parallel  or  in  multiple  arc,  as 
in  Fig  53,  we  decrease  the  internal  resistance  n  times,  for 


the  arrangement  is  similar  to  having  one  cell,  with  plates 
n  times  as  large  as  previously,  the  distance  between 
the  plates  remaining  the  same.  The  formula  now 
becomes 

E  %E 


/ 


C  = 


R-l--^' 

n 


%R  +r- 
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y  If  r  is  small  compared  with  ?iR  it  may  be  neglected,  and 
we  again  get 

^  that  is,  the  available  pressure  is  almost  all  used  in  the 
external  circuit  when  r  is  small.    Figs  54,  and  55,  show  two 


ways  of  arranging  six  cells.  In  Fig  54,  we  get  E  three  times 
that  of  one  cell,  and  r  half  as  much  as  in  one  cell.  In  Fig. 
55,  E  is  twice  that  of  one  cell,  and  r  is  one-third  of  that  of 
one  cell.  Such  arrangements  are  called  multiple  series 
arrangements.  Thus,  we  have  three  ways  of  arranging  cells 
in  batteries — in  series,  in  multiple  arc,  or  in  multiple  series. 
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The  formula  put  into  figures — say,  for  6  cells  of  2  volts 
each,  with  internal  resistance  '5  ohm,  and  say  R=  12  ohms, 
become 


/ 


C  = 


=  Y^  =  '8  ampere. 


12  +  (6x-5)  ~  15 

2.  In  multiple  arc  : 

E  2 

C  = = :^  =  '16  ampere  (about). 

3.  In  multiple  series  as  in  Fig.  54  : 
3x2  6 


C  = 


2 


r 
R+  2 


12 +  -25       12-25 


=  '49  ampere. 
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4.  In  multiple  series  as  in  Fig.  55  : 
n 
S"^  -^         2x2  4 

C  = -^.  =  12^.16  =  1206  =  '^^  (^^°^*) 

K  +  3 

Dynamos. 

The  Modern  Dynamo. — The  reader  must  consult  larger 
books  to  obtain  a  knowledge  of  the  history  of  the  develop- 
ment of  the  dynamo  since  Faraday  first  published  his 
experiment  upon  the  interaction  of  conductive  and  magnetic 
ciicuits.  A  long  roll  of  names  will  be  found  of  men  who 
have  designed  apparatus  or  investigated  theories,  each 
adding  to  our  knowledge  of  the  subject.  The  men,  however, 
who  have  done  most  to  perfect  the  modern  dynamo  are  Hop- . 
kinson  and  Kapp,  in  that  their  investigations  have  enabled 
us  to  work  by  rule,  to  specify  and  to  obtain  that  specified — 
not  only  to  tell  what  a  dynamo  will  do  after  it  is  made,  but  to 
tell  what  it  will  do  before  it  is  made.  Others  have  added  lines 
to  their  pages,  and  rounded  off  some  of  the  corners  of  their 
investigations,  but  these  men  stand  far  before  all  others  in  the 
matter  of  obtaining  results  capable  of  being  practically  used 
to  construct  machines.  Before  entering  upon  the  considera- 
tion of  the  dynamo  it  will  be  necessary  to  prepare  the  way. 
Hitherto  the  formulae  used  have  been  exceedingly  simple, 
involving  really  only  a  little  arithmetical  knowledge.  It  is 
desirable,  however,  that  the  student  should  understand  some 
thing  of  graphical  formulae,  and  although  a  full  knowledge  of 
these  would  involve  an  acquaintance  with  higher  mathema- 
tics, no  such  knowledge  is  required  in  this  elementary  work. 

Electro-Graphics. 

The  ancient  Assyrians  and  Egyptians  used  a  hieroglyphic 
literature,  so  does  the  modern  scientific  man.     The  latter 
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uses  lines  and  curves  to  represent  many  things,  and  fre- 
quently a  line  or  curve  rightly  interpreted  will  speak  more 
clearly  and  more  plainly  than  many  pages  of  type. 

A  point  is  used  to  indicate  a  certain  position  in  space. 
From  a  point  or  to  a  point  a  line  may  be  drawn,  and  this 
line  will  indicate  magnitude  as  well  as  direction.  Thus  we 
may  indicate  a  force  as  acting  at  the  point  O  in  the  direction 
of  OX,  and  if  the  force  is  of  so  many  pounds  or  tons,  the  length 
of  OX  can  indicate  how  many  pounds  or  tons,  if  we  agree 
that  a  certain  length  shall  indicate  one  pound  or  one  ton. 

0 i i ; X 


Fig  56. 

Thus,  if  OA  represents  one  pound  OX  will  represent  four 
pounds,  if  OA  represent  one  ton  OX  will  represent  four 
tons.  Instead  of  one  force  acting  upon  a  body  at  the 
point  O  in  the  direction  and  of  the  magnitude  OX,  there 

Y 


O 


Fig.  57. 


may  be  two  or  more  forces  acting  at  the  point  in  the  same 
or  in  other  directions.     For  example,  we  may  have  a  force 
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in  the  direction  OY  at  right  angles  to  OX,  similarly  repre- 
sented in  direction  and  in  magaitude  by  OY. 

If  two  forces  act  upon  a  body  at  O  the  body  will  not 
move  in  the  direction  of  either  of  those  forces,  except  the 
direction  in  which  they  act  is  in  the  same  straight  line. 
Thus,  if  two  forces,  A  and  B,  act  upon  a  body  at  O  in 
the  direction  shown  by  the  arrows,  and  of  magnitude 
proportional  to  the  lines,   the  body  will  move  or  tend 

B                A 
to    move    in     the    direction    OA.  < q > 

If  the  forces  are  not  in  the  same  straight  line,  but  act  at 
any  angle,  the  body  moves  or  tends  to  move  in  a  direction 
somewhere  between  the  direction  of  the  forces.  If  the  two 
forces  are  constant  in  direction  and  in  magnitude,  the 
resultant  direction  in  which  the  body  moves  or  tends  to 
move  is  a  straight  line.  This  line,  when  obtained,  is  said 
to  be  "the  resultant  of  the  forces."  Its  direction  and 
magnitude  in  the  simple  case  mentioned,  that  of  forces  acting 
along  OX,  OY,  and  of  the  magnitude  OX,  OY,  can  easily 


Fig.  58. 

be  obtained  by  completing  the  parallelogram,  of  which  OX, 
OY  form  adjacent  sides,  and  drawing  the  diagonal  OZ. 
Then  OZ  is  the  resultant  in  magnitude,  and  in  direction  of 
the  forces  OX,  OY  acting  upon  O  at  the  point  O  in  the 

F  2 
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direction  OX,  OY.  Similarly  the  resultant  of  any  two 
forces  can  be  found  by  drawing  the  diagonal  of  the  completed 
parallelogram.  If  the  forces  are  not  constant  in  direction 
or  in  magnitude,  then  the  direction  of  the  resultant  will 
probably  be  a  curve.  Thus  we  see  how  lines  and  curves  can 
be  utilised  to  indicate  the  direction  and  magnitude  of  forces,, 
and  the  "resultant"  of  forces  in  magnitude  and  direction. 
Let  A  B,  A  C,  Fig  59,  represent  forces  of  41b.  and  31b, 
respectively  acting  in  the  directions  A  B,  A  C.  The 
resultant  is  found  by  completing  the  parallelogram  A  B 


Fig.  59. 

C  D,  by  drawing  through  C  the  line  C  D  parallel  to  A  B, 
and  through  B  the  line  B  D  parallel  to  A  C.  Join  A  D. 
Then  A  D  represents  the  resultant  of  the  force  A  C,  A  D 
in  direction  and  in  magnitude — that  is,  the  same  effect 
would  be  obtained  if  A  C  and  A  B  were  replaced  by  a 
force  represented  in  direction  and  in  magnitude  by  A  D, 
If  A  B,  A  C  act  at  right  angles  to  each  other,  and  be 
drawn  to  scale,  A  B  =  4  units,  and  A  C  =  3  units,  then 
A  D  will  on  the  same  scale  measure  5  units.  For  the 
angle  A  B  D  being  a  right  angle, 

AB2  +  BD2  =  AD2 
42  +  32  =  A  D2 
^"25  =  5=    VAD2  =  AD. 
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The  resultant  of  two  forces  acting  at  any  other  angle 
than  a  right  angle  may  be  similarly  represented,  though 
in  many  cases  the  calculation  is  not  so  simple.  We  may 
take  a  simple  example  and  show  how  easily  it  can  be 
solved : 

Two  forces  represented  by  121b.  and  151b.  acting  upon 
a  point  at  an  angle  of  60  deg.,  required  to  find  the 
magnitude  and  direction  of  the  resultant, 

1st.  Graphical  solution,  Fig  60. 


Draw  A  B  =  15  units  of  any  convenient  scale. 

Make  the  angle  B  A  G  =  60  deg. 

Make  A  G  =  12  units  of  same  scale  as  A  B. 

Through  G  draw  G  E  parallel  to  A  B,  and  through  B 
draw  B  E  parallel  to  A  G. 

Join  A  E.  Then  A  E  is  the  resultant  of  A  B,  A  G, 
and  if  measured  oflf  on  the  same  scale  as  was  used  in 
drawing  A  B,  A  G  will  be  found  to  be  23  2-5  parts  of  that 
scale.     The    angle   B  A   E  will   be   found   to    measure 
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very  nearly  26°   20'.     The  resultant  force   then   is   23 
2-51b. 

2nd.  Calculation : 

AE2   =  AB2   +   BE2    -   2  AB,  BE,  cos.  120  deg. 
=   AB2   +   BE2   +    2  AB.  BE,  cos.  60  deg. 
=    152   +    122   +    2    X    15    X    12    X    .5. 
=   549. 
AE    =      V549   =   23-43. 
An  answer  which  differs  from  the  preceding  one  only  by 
•03, 'or  1^. 


Fig.  61. 

If  more  than  two  forces  act  upon  a  point,  their  resultant 
may   be  found   by  first   finding  the  resultant  of  two  of 
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these  of  the  forces,  then  of  two  more,  then  the  resultant 
resultants,  and  so  on. 

Moment  of  Forces,  Couples,  Torque. — Forces  may 
not  act  at  the  same  point  on  a  body.  Fig  61. 

Let  the  two  forces  P  and  Q,  represented  in  magnitude 
and  direction  respectively  by  AB,  CD,  act  respectively  at 
the  points  A  and  B  on  a  body.  The  resultant  of  these 
forces  can  be  found.  Also  the  point  at  which  it  acts, 
graphically  thus — Join  AC.  Produce  DC,  BA  to  meet  at 
the  point  E.  Along  EC  take  EDj  =  CD,  and  along  EA 
take  EB  =  AB.  Complete  the  parallelogram  EB^  KD^. 
Join  ER.  Produce  ER,  cutting  AC  in  F  and  make  FR^  = 
ER.  Then  FR^  represents  the  resultant  of  ABj  CD,  and 
ABj  CD  may  be  replaced  by  the  single  force  FR^  acting 
at  F. 

From  F  draw  FM,  FMj  perpendicular  to  the 
direction  of  the  forces  ABj  CD  respectively.  It  is 
found  that  the  force  P  represented  by  AB  x  FM  = 
the  force  Q  represented  by  CD  x  FMj  or  shortly, 
PxFM  =  QxFMi 

These  products  are  termed  the  moments  of  the 
forces. 

K  the  body  acted  upon  be  reduced  to  a  rigid  line  AC, 
AC  is  called  a  lever,  and  the  point  F  its  fulcrum.  If  the 
force  P  alone  were  to  act  on  the  body  at  the  point  A,  or, 
say,  on  the  lever,  it  would  evidently  twist  the  lever  about 
the  fulcrum,  and  Q,  acting  alone  at  C,  would  twist  the 
lever  about  the  fulcrum  in  the  opposite  direction.  When 
two  equal  and  opposite  parallel  forces  act  at  dilQFerent 
points  of  a  rigid  body  in  the  same  plane,  their  eJBFect  can- 
not be  obtained  by  a  single  or  resultant  force,  and  their 
tendency  will  be  to  twist  the  body  in  the  direction  of  the 
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plane  in  which  they  act.     Thus  P,  Fig  62,  acting  on  A  in 
the  direction  AP,  and  P  acting  on  B  in  the  direction  BP, 
will  twist  the  body  round  in  the  direction  BAP  or  ABP. 
'  The  term  Couple  is  applied  to  such  a  system  of  forces. 


r/> 


Fig.  62. 


The  product  of  one  of  the  forces  and  the  arm  of  the 
couple  is  called  the  moment  of  that  couple.  Thus  P  x 
A  B  =  moment  of  the  couple  represented  in  Fig  62. 
This  applied  to  a  magnet  gives  the  magnetic  force  at  the 
N  pole  or  at  the  S  pole  x  the  length  of  the  axis  of  the 
magnet  as  the  moment  of  the  magnet. 

This  moment  is  a  measure  of  the  tendency  of  the  couple 
to  twist  the  body  on  which  it  acts,  and  it  is  customary  to 
indicate  a  couple  by  its  moment. 

A  couple  tending  to  twist  a  body  in  the  same  direction 
as  the  hands  of  a  watch  is  termed  a  positive  couple ;  if  in 
the  opposite  direction,  a  negative  couple.  The  term 
"  torque  "  is  generally  used  by  electrical  engineers  instead 
of  "moment  of  couple,"  "statical-moment,"  or  "turning 
moment." 

The  product  of  two  quantities  can  be  represented 
by  an  area. 

This  kind  of  graphic  representation  is  principally  due 
to  Prof.  Sylvanus  Thompson.     An  example,  taken  from 


/ 
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his  well-known  book,  will  show  the  excellence  and  the 
simplicity  of  his  work.  It  relates  to  the  eflPiciency  of 
motors  and  is  at  once  simple  and  fully  within  the  compre- 
hension of  those  who  have  acquired  a  rudimentary  knowledge 
of  geometry.  Let  A  B,  Fig  63,  represent  the  electro-motive 
force,  E,  of  the  electric  supply.     On  A  B  construct  the 


C 


Fig.  63. 


square  A  B  C  D.  Draw  the  diagonal  B  D.  From  B 
along  B  A  measure  B  F,  representing  on  the  same  scale  the 
counter  electromotive  force  of  the  motor.  Through  F  draw 
FGH  parallel  to  B  C,  and  through  G  draw  KGL 
parallel  to  A B  or  DC.  The  actual  electromotive  force 
producing  a  current  is  the  difference  between  the  electro- 
motive force  of  the  supply  and  the  counter  electromotive 
force  of  the  motor.  Let  the  latter  =  e.  The  diflference  is 
E  —  e,  which  may  be  represented  by  A  F,  K  G,  D  H,  K  D, 
G  H,  or  L  C.     The  electric  energy  put  into  the  motor  per 

E~e 
second  is  C^  R  =  E  C ;  and  as  C  =  ~^o~'  where  R  =  total 

resistance  in  the  circuit,  C  is  represented  in  the  diagram 
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FA 
by-^'for  F  A  =  A  B-~B  F  =  E-e.     The  energy  ex- 

E  (E  -  e) 
pressed  thus  may  be  \fritteii  ^B ' 

The  work  converted  by  the  motor  is 
c(E-6) 
"~1        ' 
but  R  is  constant,  so  that  these  values  may  be  written 
respectively         E  (E  -  e)  and  e  (E  -  e). 

Now  the  product  E  (E  ~  e)  is  represented  by  the 
rectangle  A  F  H  D,  for  A  D  =  A  B  representing  E ;  and 
A  F  represents  E  ~  e. 

While  the  product  e  (E  —  e)  is  represented  by  the  rect- 
angle G  L  C  H,  f or  G  L  =  F  B  represents  e,  and  G  H  =  G  K 
=  A  F  represents  E  --  e. 

These  areas,  then,  are  proportional  to  the  work  expended' 


Fig  64. 

and  recovered,  and  when  shaded,  as  in  Fig  64,  exhibit 
very  clearly  these  proportions. 

It  will  be  seen  that  the  construction  of  such  diagrams 
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is  very  simple,  but  when  carefully  constructed  can  be 
made  to  give  considerable  information  to  those  who  might 
be  unable  to  understand  analytic  treatment. 

The  Use  of  Go-OrdinateB. 

The  third  kind  of  graphic  representations  to  which 
we  shall  briefly  allude  are  those  in  which  it  is  usual  to 
define  the  position  of  a  line  by  referring  to  its  distance 
from  two  other  lines  generally  at  right  angles  to  one 
another  in  the  plane  of  the  paper.  The  branch  o 
mathematics  that  treats  this  subject  fully  is  termed  co- 
ordinate geometry.  As  an  instrument  of  research  the  co- 
ordinate theory  is  unequalled  for  power  and  facility. 
Assume  that  lines,  whether  straight  or  curved,  are  made  up 
of  a  series  of  points.  It  will  be  best  to  consider  first  the 
position  of  a  point  in  a  plane,  then  to  consider  series  o 
points  or  lines. 
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65. 

The  position  of  a  point  is  determined  when  we  know  it* 
distance  from  three  plane  surfaces.  It  is  sufficient,  how- 
ever, in  diagrams,  where  both  lines  and  points  are  in  the  plane 
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of  the  paper,  to  determine  the  position  of  a  point  by  its 
distance  from  two  lines.  For  diagrammatic  or  hieroglyphic 
purposes  the  lines  to  which  the  distance  is  referred  are 
generally  at  right  angles,  as  XOX^,  YOYj.  The  exact 
position,  then,  of  a  point  P  is  determined  if  we  know  its 
distance  from  XOXj  and  YOYj.  But  another  convention 
comes  in  :  all  positions  to  the  right  of  YOYj  are  termed 
positive  as  regards  YOYj,  similarly  all  positions  above 
XOXj  are  positive  as  regards  XOXj.  Now  a  point  P  may 
be  in  either  of  the  four  quadrants  as  P,  Pj,  Pg,  Pg.  Suppose 
we  know  P  is  a;  inches  from  Y  and  y  inches  from  X,  we  can 
measure  off  x  inches  along  OX  and  y  inches  along  OY,  and 
from  these  points  draw  lines  parallel  to  OX  and  OY 
respectively.  Where  these  lines  intersect  will  be  the  point 
P.  If  the  distance  be  -  a;  and  + «/  we  know  the  point  is  in 
quadrant  XjOY  ,  \i-x  and  -  y,  in  quadrant  X^OY^ ;  if  x 
and  -  y,  in  quadrant  XOYj ;  and  thus  the  position  of  a 
point  is  fully  determined.  The  lines  OX,  OY  are  called 
axes,  O  the  origin  of  the  axes,  x  and  y  are  called  ordinates; 
y  is  called  the  ordinate  and  x  the  abscissa  of  the  point  P. 
Usually  in  simple  cases  only  one  quadrant  is  required,  YOX. 
It  will  at  once  be  seen  that  if  we  can  determine  the 
position  of  one  point  we  can  determine  the  position  of 
any  number  of  points,  and  a  succession  of  points  will  pro- 
duce a  straight  or  a  curved  line.  Experimental  and  con- 
structional work  frequently  requires  the  determination  of 
a  number  of  points.  Joining  the  points  gives  lines  and 
curves  from  which  information  can  be  deduced,  and  some- 
times laws  obtained.  Let  us  take  a  practical  example. 
When  a  piece  of  iron  is  subjected  to  magnetic  pressure, 
it  is  said  to  be  magnetised — that  is,  it  has  a  certain  number 
of  lines  of  force,  or  lines  of  induction,  sent  through  it  as 
previously  explained.     If,   then,  equal  parts  of  OX  are 
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taken  to  represent  equal  additions  of  magnetic  pressure, 
the  number  of  lines  in  the  iron  will  increase  with  the 
increase  of  pressure.  Equal  distances  along  OY  can  be 
taken  to  represent  equal  number  of  lines  of  force.  Thus 
the  magnetism  due  to  pressure  a  is  seen  to  be  a^,  due  to 
pressure  h  is  h^,  to  pressure  c  is  Cj,  and  so  on.  If  the  divi- 
sions of  OX,  OY  represent  numerical  values,  as  they  are 
usually  made  to  do,  a  large  amount  of  in  formation  is 
graphically  put  into  a  small  space.     The  placing  the  points 
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Fig.   66. 


c,  Cp  Cg,  etc.,  obtained  by  the  experiment,  and  subsequently 
joining  the  points,  is  called  plotting  the  line  or  curve. 
Ruled  paper  for  the  plotting  of  such  curves  can  be  ob- 
tained at  almost  any  stationers. 

Principles  of  the  Dynamo. — The  broad  features  of  the 
modern  dynamo,  those  to  which  it  owes  its  utility,  are  the 
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interactions  between  the  magnetic  and  the  conductive 
circuits.  Usually  a  conductive  circuit  is  placed  in  and 
revolved  in  a  magnetic  circuit.  The  magnets  used  to 
obtain  the  magnetic  field  are  called  the  field-magnets ;  that 
part  of  the  conductive  circuit  revolving  in  the  field  is 
called  the  armature.  It  has  been  stated  that  the  action  in 
the  conductive  circuit  is  proportional  to  the  number  of 
loops,  or  closed  curves  of  lines  of  force  that  pass  around 
it  due  to  the  magnetic  field.  According  to  the  views 
expressed  in  previous  chapters,  it  will  be  found  that  the 
action  of  placing  magnetic  loops  around  a  conductor  is 
to  diminish  the  electrical  pressure  in  that  part  of  the  con- 
ductor so  placed,  and  this  diminution  of  pressure  leads  to 


Fig.  67. 

a  flow  of  current  in  the  conductor.  It  will  easily  be  seen 
that  the  placing  of  a  number  of  loops  around  a  conductor 
leads  but  to  a  momentary  current;  if  we  increase  the 
number  of  loops,  further  current  in  the  same  direction  is 
set  up  j  decrease  the  loops,  and  the  current  flows  back  and 
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it  is  in  the  reverse  direction  ;  get  rid  of  all  the  loops,  and 
the  current  goes  back  altogether,  and  the  conductor  is  in 
its  normal  state.  Take  a  conductor,  R,  of  a  single  turn, 
and  place  it  in  a  magnetic  field  as  in  Fig  67. 

Assume  the  direction  of  the  loops  to  be  from  the  pole 
N  to  the  pole  S.  When  the  conductive  circuit,  R,  is  in  a 
vertical  position,  the  maximum  number  of  magnetic  loops 
due  to  the  magnetic  field,  N  S,  pass  around  the  lower  portion 
of  the  circuit  R,  and  there  is  in  that  part  of  the  circuit  a 
diminution  of  the  electrical  pressure,  and  a  current  is 
momentarily  set  up  in  the  direction  shown  by  the  arrows. 
Turning  the  handle,  H,  in  the  direction  of  the  hands  of  a 
watch,  as  shown  by  the  arrow,  so  that  R  passes  through  a 
quarter  of  a  revolution,  the  conductor  then  has  the  minimum 
number  of  loops  passing  around  it,  and  in  the  revolution 
there  has  been  a  gradual  diminution  from  the  maximum 
number  to  the  minimum,  and  as  a  result  there  has  been 
a  current  in  the  reverse  direction  to  the  original  current. 
Turning  the  handle  another  quarter  of  a  revolution,  that 
part  of  the  conducting  wire  that  was  originally  at  the  top, 
T,  is  now  at  the  bottom,  B,  and  has  now  the  maximum 
number  of  loops  around  it,  and  the  current  will  be  the 
direction  of  the  arrows — that  is,  just  in  the  opposite  direc- 
tion to  what  it  was  when  this  part  of  the  circuit  was  the 
top  member  of  the  system.  The  action  through  the  whole 
revolution  may  be  illustrated  thus.  Let  the  line  AE  repre- 
sent the  motion  of  the  handle,  AB  the  representing  first 
quarter  revolution,  BC  the  second,  CB  the  third,  and  DE  the 
fourth.  Suppose  the  circuit  RTB  at  the  start  horizontal — 
that  is,  with  minimum  or  no  loops  around  it — the  bottom 
member,  B,  being  at  the  right-hand  nearest  to  the  pole  N 
of  the  magnet.  Directly  the  handle  begins  to  move,  loops 
are  formed  around  B;  the  number  of  loops  increase  till  the 
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circuit  is  vertical.  During  this  time  the  current  in  the  circuit 
increases  from  its  minimum  to  its  maximum.  Passing  the 
vertical  point,  the  loops  around  B  diminish  till  the  horizontal 
point  is  reached,  when  B  is  nearest  the  pole  S.  Passing 
this  point,  the  loops  begin  to  be  formed  around  T,  and  a 
similar  action  to  what  has  just  been  described  happens  in 
regard  to  T,  the  current  rising  from  the  minimum  to  the 
maximum,  and  decreasing  again  to  the  maximum.     If  F 
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Fig.  68. 

represents  the  maximum  current,  AFC,  CFE  will  represent 
what  goes  on  as  regards  current  in  the  circuit.  It  is  almost 
exactly  that  of  the  ebbing  and  flowing  of  the  tide.  The 
number  of  loops  around  the  wire  determines  the  electrical 
pressure  at  that  point,  the  pressure  being  least  with  the 
greatest  number  of  loops,  and  returning  to  the  normal  state 
with  no  loops. 

It  will  be  seen  then  that  one  of  the  most  important 
questions  connected  with  dynamos  is  the  number  of  loops 
that  pass  around  the  conductive  circuit,  as  this  determines 
the  electrical  pressure,  and  consequently  the  current.  We 
have  preferred  to  speak  hitherto  of  loops,  or  the  closed 
curves,  as  this  seems  more  in  accordance  with  facts,  than 
of  so  many  lines  of  force  passing  through  the  space  enclosed 
by  the  conducting  circuit.  Passing  through  gives  no  reason 
for  any  alteration  of  electrical  pressure  in  the  circuit — 
passing  round  does — and  that  is  the  difference  between 
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us  and  previous  writers.  If  we  consider  T  as  part  of  a 
complete  circuit,  we  must  then  consider  that  during  one 
half  revolution  current  flows  in  one  direction,  and  during 
the  other  half  it  flows  in  the  other.  This  may  be  repre- 
sented as  in  Fig  69,  though  in  many  machines  arrange- 
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ments  are  made  that  the  current  in  the  external  part  of 
the  circuit  shall  always  be  in  the  same  direction.  These 
machines  are  called  continuous  current,  while  those  in 
which  the  current  is  not  so  commuted  are  called  alternate- 
current  machines. 

If,  instead  of  assuming  that  the  electrical  pressure  is 
diminished  in  proportion  to  the  number  of  encircling  loops, 
it  is  assumed  that  the  pressure  at  another  point  in  the 
circuit  is  increased  in  that  proportion,  the  result  will  be 
the  same — a  current  will  be  set  up  proportional  to  this 
pressure.  The  unit  of  electrical  pressure  is,  as  has  been 
stated,  a  volt,  and  by  the  interaction  of  magnetic  and 
conductive  circuit  we  have  means  of  : — 

Obtaining  the  Pressure. — A  volt  pressure  is  obtained  by 
looping  around  a  conductive  circuit  100,000,000  loops  or 
lines  of  force  per  second.     We  have  seen  that  the  pressure 
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with  batteries  is  increased  to  the  required  point  by  adding 
cell  to  cell  in  series.  A  similar  action  occurs  in  the  inter- 
actions now  under  consideration.  If  we  place  loops  around 
different  parts  of  the  same  circuit,  the  total  electrical  pressure 
obtained  is  the  sum  of  the  separate  pressures.  Instead, 
therefore,  of  using  a  circuit  of  one  wire,  it  is  customary  to 
use  circuits  of  a  number  of  turns  of  the  same  wire.  Thus, 
in  Fig  70,  if  we  have  three  turns  around  which  the  loops 
are  passed,  the  pressure  obtained  is  three  times  that  which 
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would  be  obtained  by  one  turn  with  the  same  number  of 
loops  round  it.  This  is  not  exactly  the  case,  as  the  inter- 
actions between  the  turns  themselves  tend  to  somewhat 
reduce  the  pressure,  as  will  be  seen  further  on,  but  for 
the  present  we  may  take  the  pressure  as  proportional  to 
the  number  of  turns. 
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Again,  as  the  pressure  obtained  depends  upon  the  number 
of  loops  put  around  the  conductor  per  second,  the  faster 
the  turns  are  revolved  the  greater  will  be  the  pressure 
obtained.  Thus  the  number  of  loops  around  the  conductor 
per  second  can  be  increased  in  various  ways. 

1.  By  increasing  the  intensity  of  the  magnetic  field — 

that  is,  increasing  the  number  of  loops  per  square 
inch. 

2.  By  increasing  the  size  of  the  field,  and  having  a  longer 

total  length  of  conductor  acted  upon. 

3.  By  increasing  the  number  of  turns  in  the  armature 

coils  or  so  winding  that  a  greater  number  of  turns 
are  acted  upon. 

4.  By  increasing  the  number  of  revolutions  per  second. 
In  practical  work  it  is  impossible  to  carry  any  of  these 

methods  to  extremes.  Just  as  a  conductor  must  not  be 
used  to  carry  too  great  a  current,  otherwise  it  will  melt, 
so  it  becomes  a  costly  process  to  magnetise  iron  much 
past  the  saturation  point.  Too  large  a  field  would  mean 
cumbersome  and  heavy  machines.  The  number  of  turns  of 
wire  depends  on  several  considerations — such  as  size  and 
space  to  be  utilised.  Speed  is  merely  a  question  of  mechan- 
ical conditions.  But  even  with  only  the  above  conditions 
prevailing  the  different  combinations  are  almost  unlimited. 
Obtaining  the  Field. — The  field-magnets  are  generally 
electromagnets,  although  in  a  few  cases,  for  example, 
De  Meritens,  uses  the  permanent  magnet.  The  advantage 
is  all  on  the  side  of  the  electromagnet,  for  the  intensity 
of  field  obtained  by  the  latter  is  far  greater  than  with  the 
former.  Attention  here  will  be  directed  exclusively  to 
dynamos  with  electromagnets.  The  electromagnet  consists 
of  two  parts,  the  core  and  the  coil.     The  current  in  the 
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coil  determines  the  magnetic  pressure,  while  the  core 
determines  the  resistance  of  the  magnetic  circuit.  The 
less  the  resistance  of  the  core  and  the  air  space  between 
its  poles,  the  greater  the  number  of  closed  lines  of  force 
obtained.  The  great  want  of  to-day  in  practical  work  is  a 
practical  unit  whereby  to  measure  the  number  of  lines  of 
force.  Every  action  of  a  magnet  depends  upon  "  number 
of  lines"  involved  in  the  action.  If  a  current  m  a  conductor 
is  required,  it  is  proportional  to  the  number  of  lines  or 
loops  around  it.  If  a  pull  upon  an  armature  is  required^ 
it  is  proportional  to  the  number  of  lines  passing  through 
it  as  part  of  the  magnetic  circuit.  It  is  as  simple  as  ABC 
if  mathematicians  and  theorists  had  not  thrown  an  almost 
impenetrable  veil  over  the  matter.  The  unit  of  the  theorist 
is  unworkable;  it  is  one  line  through  one  square  centimetre 
(•155  square  inch).  Now,  in  the  first  place,  not  one  work- 
man in  five  hundred  knows  anything  about  centimetres  ; 
and  in  the  second  place,  the  unit  is  too  small,  involving 
figures  of  abnormal  length.  And  this  is  how  the  unit 
is  obtained.  Take  a  coil  of  one  turn  of  wire,  having  a 
diameter  of  10  centimetres  (3'937in.),  and  send  a  current 
of  7 '9578  amperes  through  it,  then  at  the  centre  of  that 
coil  we  get  one  line  through  a  surface  of  one  square 
centimetre  ("155  square  inch).  In  English  workshops,  and 
outside  of  pedagogic  schoolrooms,  measurement  is  made 
in  feet  and  inches,  but  the  pedagogues  throw  every  possible 
obstacle  in  the  way  of  ordinary  men  knowing  what  they 
mean,  for  the  sole  purpose,  it  seems,  of  making  people 
believe  the  subject  is  difficult  when  in  reality  it  is  exceedingly 
simple,  and  could,  if  put  properly,  be  understood  by  almost 
every  schoolboy  in  the  sixth  standard.  Examine  what  thi& 
style  of  measurement  means.  Take  a  field  of  "  unit 
intensity,"  that  is,  a  field  wherein  one  line  passes  through  ^ 
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€very  square  centimetre  ('155  square  inch).  A  square  inch 
equals  6*4514  square  centimetres,  so  that  if  we,  as  ordinary 
men  would,  reckon  in  square  inches,  6*4514  lines  of  force 
or  closed  curves  pass  through  every  square  inch  section  of 
the  field.     Take  a  conductor  with  dimensions   18in.   by 
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12in.,  Fig  71.  We  enclose  18x12x6 '45 14  lines  or  curves 
of  force  =  1393*5024,  or  this  number  of  closed  curves  passes 
around  the  bottom  member,  B,  of  the  field.  To  get  1  volt 
pressure  we  have  to  enclose  100,000,000  such  curves 
per   second,    so   the   number   or   revolutions   per   second 

^    ,  100,000,000  „.  r^f^r^  i    ^• 

must  be ,  or  over   35,000  revolutions  per 

1393*5024x2'  ^ 

second. 

Of  course,  the  intensity  of  the  field  is  always  far 
greater  than  this,  say,  20,000  times— that  is,  20,000 
lines  pass  through  the  square  centimetre  (*155  square  inch), 
or  20,000  X  6*4514  =  129,028  lines  per  square  inch, 
The  number  of  revolutions  per  second  to  get  one  volt  now 
becomes  only  1*75,  reducing  the  number  of  revolutions. 

If,  instead  of  one  turn  of  wire,  we  had  fifty  similar 
turns,  the  number  of  revolutions  would  be  still  further 
reduced. 

The  reason  of   multiplying  the   denominator  by  2  in 
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each  case  is  that  the  top  and  bottom  members  of  the  turn 
have  the  loops  of  force  round  them  in  each  revolution,  and 
the  pressure  generated  is  therefore  double  of  what  it  would 
be  if  only  one  member  per  revolution  was  looped. 

These  examples  show  that  long  numbers,  even  if  the 
calculations  are  not  difficult,  are  necessitated  by  the  absurd 
unit  at  present  in  vogue.  These  remarks  apply  simply 
to  the  unit  in  the  workshop.  It  serves  an  admirable 
purpose  in  the  laboratory.  In  the  conductive  circuit  there 
is  both  a  laboratory  unit  and  a  practical  unit.  The 
"  ohm "  is  the  practical  unit,  and  there  ought  to  be 
a  similar  practical  unit  for  the  magnetic  circuit.  The 
best  proposal  in  this  direction  has  come  from  Mr.  Gisbert 
Kapp,  whose  practical  unit  is  6,000  times  greater  than 
the  one  above  defined.     Therefore,  in  the  above  examples^ 

instead  of  1 29,028  lines,  in  Kapp's  units  we  get        '  = 

^^  ^        6,000 

21*5;  and  according  to  ordinary  methods  of  thought  the 
figures  "Al'b  are  far  easier  to  manipulate  than  129,028. 
In  Mr.  Kapp's  unit  he  takes  into  account,  too,  the 
ordinary  engineering  method  of  counting  revolutions  per 
minute  instead  of  revolutions  per  second.  So  far  as  poss- 
ible, then,  the  examples  in  this  book  will  consider  the 
ordinary  ways  of  working  and  adopt  the  Kapp  unit. 
Another  step  is  urgently  needed — in  the  production  of  sets 
of  magnetic  resistances,  like  sets  of  conductive  resistances. 
Manufacturers  could  then  take  a  piece  of  iron,  from  the 
bulk,  of  certain  length  and  sectional  area,  wind  it  with  a 
certain  number  of  ampere-turns,  and  balance  it  against  a 
standard  resistance,  issuing  the  bulk  of  iron  as  having  a 
certain  magnetic  resistance  per  unit  length  and  unit  section. 
The  magnetic  resistance  of  any  length  and  any  section 
would  then  be  known;  for  just  as  with  conductors,  the 
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resistance  varies  directly  as  the  length  and  inversely  as 
the  sectional  area — that  is,  double  length  doubles  resistance, 
double  sectional  area  halves  resistance. 

The  total  resistance  of  any  magnetic  circuit,  just  as  the 
total  resistance  of  any  conductive  circuit,  is  the  sum  of 
the  separate  resistances.  The  magnetic  resistance  of  a 
dynamo  generally  consists  of  three  parts. 

"^  1.  The  resistance  of  thejiore. 

>  2.  The  resistances  of  the  air  spaces  between  the  poles 
and  the  armature. 

<   3.  The  resistance  of  the  armature. 

Frequently  the  core  is  not  a  continuous  mass  of  iron, 
though  the  resistance  would  be  less  if  it  was,  because  it 


Fig.  72. 

is  hardly  possible  to  have  joints  so  well  made  as  to  give 
as  good  conductive  continuity  as  the  solid  metal.  Thus 
Fig  72,  represents  a  section  of  the  dynamo,  C  C  represent 
the  part  of  the  core  around  which  the  coil  is  wound.     Y 
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represents  a  yoke  joining  C  C,  and  should  be  in  good 
magnetic  continuity  withC  C,  as  should  also  the  pole-pieces, 
N  S.  The  lines  pass  through  the  air  space,  through  the 
armature,  the  other  air  space,  and  round  the  magnet  core 
as  shown.  The  resistance  of  the  whole  magnetic  circuit 
then  is 

K  =  Ri'^-  R2  +  R3 

when  R  =  total  resistance;  Rj  =  resistance  of  field 
magnets  ;  Rg  of  air  spaces  ;  and  Rg  of  armature. 

The  aim  of  every  designer  of  dynamos  should  be  to  make 
R  as  small  as  possible. 

The  second  part  of  the  field-magnet  we  have  to  consider 
is  the  coil.  The  lines  of  force  in  the  core  are  due  to  the 
magnetic  pressure  from  the  current  in  the  coil,  and 
primarily  to  the  pressure  which  sets  up  the  current.  It 
has  been  calculated  that  one  turn  of  conductor  carrying  a 
current   of   one   ampere    will   exert  a  magnetic  pressure 

47J- 

equal  to  -— .  If  the  current]  is  any  other  quantity,  and 
is  represented  by  C  in  amperes,  the  pressure  is 
— — —  ,and  as  every  turn  in  the  coil  exerts  its  press- 
ure, the  total  pressure  due  to  T  turns  is  — ^r —  *  Know- 
ing this,  we  are  in  a  position  to  write  down  the  formula 
for  the  magnetic  circuit,  thus  : 

XT       £  y-         e  £  Pressure 

No.  of  Imes  of  force     =     — — ; 

Resistance 

4  7rTC 
N     =  10  2  7rTC 


R^-f-Rg-fRg  -5(Ri  +  R2-i-R3) 
Now,   although    one   ampere-turn    always    exerts    the 
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same  pressure,  iron — and  this  is  the  metal  mostly  used — 
does  not  always  have  the  same  resistance.  When  the 
■current  is  first  applied  the  lines  of  force  in  iron  increase 
practically  in  direct  proportion  to  the  current,  but  after  a 
i'-ertain  number  of  lines  pass  through  the  iron  the  number 
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magnetic       pressure 

Fig.  73. 

does  not  further  increase  directly  in  proportion  to  the  current, 
and  it  becomes  more  and  more  difficult  the  further  we  go 
to  force  lines  through  the  iron.  This  result  is  well  shown 
by  the  graphic  method.  In  Fig  73,  let  O  be  the  origin, 
O  X  represent  the  exciting  current,  O  Y  the  number  of 
magnetic  lines  evoked. 

The  curve  O  A,  which  represents  the  number  of  lines  due 
to  different  strengths  of  current,  at  first  rises  almost  in  a 
straight  line  from  the  origin,  then  is  curved,  and  subsequently 
become  almost  straight  again.  During  the  third  part 
the  iron  is  said  to  have  become  saturated,  the  curved  part 
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shows  the  effect  of  the  current  when  it  is  partially  saturated, 
and  the  first  straight  part  shows  it  before  saturation. 

In  constructing  a  dynamo  it  is  necessary  to  be  careful 
to  have  sufficient  iron  in  the  core  so  that  the  iron  is  not 
over  saturated.  The  point  where  the  iron  is  saturated,  or 
nearly  so,  should  be  that  aimed  to  obtain  in  the  finished 
machine,  because  the  greatest  amount  of  magnetism  is 
there  obtained  for  the  smallest  expenditure  of  iron,  wire, 
or  current.  If  a  point  much  below  the  saturation  point 
is  reached  a  slight  increase  or  decrease  of  current  leads  to 
proportional  fluctuations  of  magnetic  lines,  while  a  point 
higher  up  the  curve — that  is,  past  the  point  of  saturation — 
needs  a  large  expenditure  of  current,  for  which  few  lines 
are  obtained.  It  may  here  be  stated  that  if  the  coil  has 
no  iron  in  the  core — only  a  circuit  of  air — the  number  of 
lines  is  proportional  to  the  magnetic  force  as  shown  in  the 
dotted  line  O  C.  Undoubtedly  the  air  has  its  saturation 
point,  but  that  point  will  be  far  outside  any  ordinary 
pressure. 

Inoperative  or  Leakage  Lines.— If  we  consider  the  di- 
rection of  the  lines  of  force  from  a  coil  through  an  air  circuit, 
the  intensity  of  the  lines  outside  the  coil  will  be  sensibly 
the  same  in  all  parts  of  the  external  field  at  equal  distances 
from  the  exciting  wire.  The  same  will  hold  good  for  a 
straight  coil  and  a  straight  core,  because  there  is  no  reason 
why  the  lines  should  select  one  air  path  more  than  another, 
all  having  the  same  resistance.  Magnetic  lines  follow  the 
same  laws  as  conductive  currents,  and  divide  inversely  as 
the  resistances  of  the  circuits.  Therefore,  although  one 
circuit  or  branch  circuit  may  be  provided  which  has  a  much 
less  resistance  than  any  other,  only  its  proportion  of 
magnetic  lines  will  go  through  this  circuit  of  low  resistance. 
In  apparatus  such  as  dynamos  it  is  seen  a  path  of  as  low 
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resistance  as  possible  is  provided,  and  only  the  lines  going 
through  this  circuit  are  utilised ;  the  remaining  lines  going 
through  other  circuits  are  wasted,  and  may  therefore  be 
termed  leakage  lines.     In  some  machines  of  inferior  design 


leakage  is  very  great,  but  attention  has  been  paid  to^this^ 
source  of  loss,  and  care  is  now  taken  in  the  construction  of  dy- 
namos to  make  leakage  as  small  as  possible.    Thus  in  Fig  74 , 
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the  lines  represented  by  L  L  L  L  are  all  waste,  only 
those  encircling  the  wires  in  armature,  A  A,  being  of 
service.  This  fact  points  further  to  the  necessity  of  making 
the  magnetic  resistance,  R,  as  small  as  possible.  Sharp 
«dges  and  points  about  the  pole-pieces  are  found  to  lead  to 


iiiiiB 


loss  by  leakage,  hence  they  are  carefully  avoided.  In  Fig 
74  four  coils  are  used,  but  in  a  large  number  of  machines, 
as  in  Fig.  72,  only  two  coils  are  used.  Waste  lines  are 
frequently  found  going  through  the  base-plate,  thus  the 
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pole-pieces  are  usually  kept  as  far  away  as  possible  from  all 
accessory  iron  and  from  base-plates.  The  lines  of  magnetic 
force  depending  only  upon  the  ampere-turns,  it  does  not 
matter  whether  the  lines  are  generated  by  coils  of  few 
windings  and  thick  wire,  of  many  windings  and  fine  wire. 


Fig.  76. 

or  a  combination  of  the  two — all  that  is  necessary  is  that 
the  sum  of  the  products  of  the  current  and  the  number 
of  turns  of  wire  remains  the  same.  When  the  core  is 
wound  with  a  few  windings  of  thick  wire  it  is  generally 
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for  what  is  termed  a  series  machine.  In  these  machines 
the  conductor  is  wound  round  the  armature,  then  round 
the  field-magnet,  and  then  to  the  external  circuit  as  shown 
in  Fig  75.  In  shunt  machines.  Fig  76,  the  field-magnets 
are  generally  wound  with  many  turns  of  finer  wire,  these 


turns  forming  a  shunt  with  the  external  circuit,  the  current 
from  the  machine  dividing  itself  between  the  shunt  coils 
and   the   external  circuit   inversely  as  their  resistances. 
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Suppose,  for  example,  we  require  20,000  ampere-turns, 
and  in  the  series  machine  we  get  them  with  1,000  turns 
and  20  amperes,  in  the  shunt  machine  we  may  get  them 
with  5,000  turns  and  4  amperes,  for  1,000  x  20  =  5,000 
X  4.  In  the  third  case,  or  in  compound  winding,  the  coils 
are  partly  series,  and  partly  shunt  wound,  Fig.  77.  Here 
we  may  get  the  20,000  ampere-  turns  by  having  of  the 
series-turns  300  with  20  amperes,  and  of  the  shunt-turns 
3,500  with  4  amperes.  The  total  again  is  : 
300  X  20  =  6,000 
3,500  X     4  =  14,000 


Total,  20,000 
Temperature  of  Coil. — The  resistance  of  the  conductor 
increases  with  rise  in  temperature.  The  resistance  in- 
creases about  '002  for  an  increase  of  temperature  of  Ideg. 
F.,  so  that  to  find  the  resistance  due  to  heating  the  increased 
resistance  must  be  added  to  the  normal  resistance.  For 
example,  a  wire  that  had  a  resistance  of  1  ohm  at  the 
temperature  measure  50deg.  F.  would  have  a  resistance  of 
1  +  (-002  X  50)  =  1-1  at  a  temperature  of  lOOdeg.  F. 
In  the  formula  below  where  R  is  introduced  it  means 
the  resistance  at  the  temperature  under  discussion,  and 
not  the  resistance  at  the  ordinary  temperature.  The  increase 
of  temperature  has  also  a  detrimental  effect  upon  the 
insulation,  and  if  raised  too  high  will  soften,  perhaps  melt 
and  set  it  on  fire.  It  is  necessary  then  to  so  arrange  the  size 
of  wire  of  the  coils  and  the  design  of  coil  that  as  large  a 
surface  as  possible,  considering  all  other  conditions,  may 
be  obtained  for  heat  radiation  and  convection.  This 
question  is  perhaps  more  important  when  considering  the 
armature  coils,  but  it  may  be  discussed  here.  The  heat 
generated  in  a  conductor  carrying  a  current  is  proportional 
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to  the  product  of  the  square  of  the  current  with  the  resis- 
tance 

and  the  current  being  continued,  expressing  time  by  ^ 
this  becomes 

C2R^. 

If  the  unit  of  heat  taken  is  that  raising  lib.  of  water 
from  Odeg.  C.  to  Ideg.  C.  a  current  of  C  amperes  through 
a  resistance  of  R  ohms  produces  per  minute  0*0315  C"^R 
units  of  heat,  or  generally  if  H  be  the  number  of  units  in 
t  minutes, 

H  =  0-0315  C2R^. 

Knowing  the  heat  developed  it  is  easy  to  know  the  work 
performed  since  Joule  gave  us  the  mechanical  equivalent  of 
heat,  which,  for  the  unit  adopted,  is  about  1,400  (1, 389*8) 
foot-pounds.     Hence 

Work  =  1,400  X  0*0315  C2  R  / 
=  44*25  02  R  t. 
If  all  the  work  done  in  the  circuit  is  used  in  producing 
heat 

Work  =  44*25  C  E  ^. 
for  C2R  ^  =  C  C  R^  and  C  R  =  E. 

This  applies  to  all  steady  currents.  In  connection  with 
work  another  unit  called  the  watt  has  been  adopted. 

The  WATT  (the  unit  of  work)  =  volt  x  ampere  (C  x  E) 
746  watts  =  one  horse-power. 

If  in  the  last  formula  we  require  to  know  the  work  in 
horse-power  we  divide  by  33,000,  the  unit  of  horse-power — 
viz.,  33,0001b.  raised  1  foot  in  1  minute.     Hence 
44*25  CE 

^•^'  =  SpOO  ^  ^  =   746"' 
Taking,  then,  that  the  electrical  energy  =  C  E  or  C^  R 
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developed  in  any  coils  is  expended  in  producing  heat,  then 
at  the  point  when  the  temperature  remains  constant  as 
much  heat  must  be  radiated  or  somehow  conveyed  away  as 
is  produced,  or  in  other  words  the  coil  will  increase  in 
temperature  until  the  heat  dissipated  is  equal  to  the  heat 
generated. 

In  Electrical  Engineering  if  heat  is  required  as  for 
lighting  purposes  it  is  required  at  particular  points,  and 
heat  developed  in  the  machines  or  elsewhere  in  the  circuit 
results  in  so  much  waste  energy.  It  is  essential  that  in 
the  dynamos  the  coils  even  with  continuous  running 
should  not  heat  above  a  certain  maximum  or  the  result 
may  be  the  melting  of  the  insulation,  the  fusing  of  the 
wire  or  other  damage  to  the  apparatus.  Similarly  in  the 
conductors  used  to  convey  the  Electrical  energy  from  one 
point  to  another,  if  these  heat  above  a  certain  temperature, 
damage  to  insulation,  and  even  fires  in  buildings  may 
result.  Mr.  Kapp  referring  to  coils  for  dynamos  says : — 
"if  we  allow  a  cooling  surface  of  2*5  square  inches 
reckoned  on  the  outside  of  the  coil  only,  for  every  watt 
transformed  into  heat,  the  rise  of  temperature  in  continuous 
running  will  be  from  20°  to  25°  C  (36°  to  45°  F)  and 
this  may  be  taken  as  a  perfectly  safe  and  satisfactory 
Umit"  Mr.  Esson  gives  the  rise  in  temperature  of  coils 
wound  with  double-cotton-covered  wire,  varnished  on  the 

exterior  as  C°  =  — ^ — or  F°  =  — -—  when  C°  =  degrees 

Centigrade,  F°  =  degrees  Fahrenheit,  W  is  the  rate  at  which 
energy  is  dissipated  in  watts  and  S  is  the  outside  cooling 
surface  in  square  inches.  For  armatures  the  surface 
velocity  of  which  is  50  feet  per  second,  and  the  exterior 
diameter  of  the  core  IJ  times  the  interior,  the  length 
being  about  equal   to  the   diameter,  this  formula  with 
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S  =  total  cooling   surface   outside,   inside   and   at   ends 

becomes : — 

_       W35       ^o       W45 
C    =  or  F    = 


S 

Mr.  Esson  gives  30°  to  35°  C,  54°  to  63°  F,  as  the 
working  limit,  and  70°  to  75°  F,  as  the  ultimate  limit  of 
rise  of  temperature  under  ordinary  circumstances  and  1*13 
sq.  in.  per  watt  cooling  surface.  Many  machines,  how- 
ever, have  to  run  in  places  where  the  surrounding 
temperature  is  very  high,  such  as  in  the  dynamo  rooms 
on  board  ship,  and  then  a  larger  cooling  surface  is 
given. 

It  will  be  seen  that  experience  has  not  yet  decided  the 
exact  surface  to  be  allowed  per  watt,  but  formulae  may 
be  given  which  will  be  found  useful  in  practice  when  the 
constant  adopted  is  inserted.  Let  D  represent  the  num- 
ber of  square  inches  of  external  surface  of  coil  to  be 
allowed  per  wait  where  the  temperature  of  coil  differs 
from  the  temperature  surrounding  the  coil  by  1° 
Fahrenheit.  The  number  of  watts  dissipated  will 
increase  directly  with  the  temperature  the  coil  may  have 
above  that  of  the  surrounding  atmosphere — that  is  if  1 
WATT  is  dissipated  by  D  square  inches  when  the  difference 
of  t=  1°  F,  then  2  watts  will  be  dissipated  by  D  square 
inches  when  the  difference  of  t  =  2°  F,  and  x  watts  will 
be  dissipated  by  D  square  inches  when  the  difference  of 
t  =  a;°  F. 

This  may  be  put  another  way  that  the  rise  of  tempera- 
ture of  the  coil  above  that  of  the  atmosphere  will 
be  1°  F  for  every  watt  and  every  D  sq.  in.  of 
surface. 

Let  W  =  watts  lost  in  coil;  T  =  temperature  in  degrees 
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Fahrenheit,  and  S  =  total  external  surface  in  square 
inches — 

then  W  =  ^ 

But  W  -  CE  =  cm  =  ^ 

values  which  if   inserted  in   the   formula   give    further 
information.     Thus  using  the  equivalent  C  E 
P       TS 

which  shows  the  greatest  current  that  may  be  used  in  the 
magnet  coils  of  a  shunt  machine  having  a  given  pressure 
in  order  that  they  do  not  heat  above  the  allowable 
temperature. 

In  a  series- wound  machine  with  C  known 

^  ~  DC2 

shows  the  greatest  resistance  at  the  temperature  of  using 
that  may  be  given  to  the  coils  not  to  heat  too  much.  The 
temperature  cold  is  known  by  allowing  for  the  increase 
which  as  has  been  stated  is  about  '002  for  every  degree 
Fahrenheit. 

Or  the  surface  of  the  coil  may  be  found 
DW 

In  general,  in  cheap  and  badly  proportioned  machines, 
the  heat  limit  determines  the  coil. 

Mr.  Kapp  has  given  the  following  investigation  of  the 
coil  under  these  circumstances. 

The  energy  wasted  must  in  this  case  be  proportional  to 
the  surface  of  the  coil.  If  we  allow  a  cooling  surface  of 
2  J  square  inches,  reckoned  on  the  outside  of  the  coil  only, 

H  2 
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for  every  watt  transformed  into  heat,  the  rise  of  tempera- 
ture in  continuous  running  will  be  from  20  to  25  deg.  C, 
and  this  may  be  taken  as  a  perfectly  safe  and  satisfactory 
limit.     The  following  symbols  will  be  used  : 

d Diameter  of  wire  in  inches. 

L Length  of  former  in  inches. 

D Depth  of  winding  in  inches. 

R Resistance  of  coil  in  ohms. 

T Number  of  turns  of  wire  in  coil 

P Perimeter  of  coil  in  inches. 

W Energy  lost  in  watts. 

X Exciting  power  in  ampere-turns. 

C Current  through  wire  in  amperes. 

Neglecting  for  the  present  all  numerical  coefficients,  we 
can  establish  a  series  of  equations  between  these  various 
quantities.  The  number  of  turns  in  the  coil  must  be 
proportional  to  its  sectional  area,  and  inversely  proportional 

to  the  square  of  the  diameter  of  the  wire,  or  t  =    ,^ 

The  resistance  is  proportional  to  the  perimeter  and  number 
of  turns,  and  inversely  proportional  to  the  square  of  the 
diameter  of  wire. 

The  energy  lost  is  proportional  to  the  cooling  surface, 

W  =  P  L. 
It  is  also  proportional  to  the  resistance  and  square  of 
current, 

W  =  R  C2. 
The  exciting  power  is  obviously  given  by  the  expression, 

X  =  tC. 
By  combining  these  equations  we  find 
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p  L  =  y  c^ 

P    X2 

X  =  K  L    VD    .     .     .     (1) 

Where  K  is  a  coefficient  depending  partly  on  the  size  of  the 
wire  and  partly  on  the  general  dimensions  of  the  coil. 
That  this  coefficient  cannot  be  a  constant  is  evident  from 
the  fact  that  in  the  above  equation  vre  have  taken  no 
account  of  the  ratio  between  the  space  wasted  by  insulation, 
both  of  the  former  and  the  wire  itself,  and  the  space 
occupied  by  copper.  This  ratio  is  obviously  a  variable 
one,  the  waste  being  the  less,  the  larger  is  the  whole  coil 
and  the  stouter  the  wire.  The  size  of  wire  has,  however, 
more  influence  upon  K  than  the  general  dimensions  of  the 
former,  and  since,  in  the  usual  run  of  designs,  the  larger 
coil  is  generally  wound  with  larger  wire,  we  may  deter- 
mine K  merely  with  regard  to  the  size  of  wire.  In 
designing  a  machine  we  know  beforehand,  within  15  or  20 
per  cent.,  what  will  be  the  diameter  of  the  wire  to  be  used 
for  the  field,  and  can  therefore  hit  upon  the  value  of  K  at 
once,  provided  we  have  determined  K  for  various  sizes  of 
wire.  To  use  formula  (1)  we  must  therefore  have  a  table 
giving  this  value,  and  it  is  best  to  prepare  such  a  table  by 
reference  to  machines  actually  built.  The  table  here 
given  has  been  calculated  for  a  cooling  surface  of  2'b 
square  inches  per  watt  : 

Diam.  of  bare 

wire  in  mils.  K. 

40     522 

120     542 

200      570 
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It  -will  be  noticed  that  the  variation  in  the  value  of  the 
coefficient  is  comparatively  small,  so  that  a  large  error  in 
the  first  guess  as  to  the  diameter  of  the  wire  to  be  used 
only  results  in  a  very  small  error  in  the  final  result. 
Equation  (1)  gives  the  exciting  power  obtainable  with  a 
coil  L  inches  long  and  D  inches  deep.  It  can  of  course, 
be  brought  into  another  form,  so  as  to  give  the  depth  or 
length  of  coil  for  any  desired  exciting  power. 

The  weight  of  the  coil  can  also  be  expressed  by  a 
general  formula,  at  which  we  arrive  in  a  way  similar  to 
that  pursued  in  arriving  at  equation  (1).  It  is  not 
necessary  to  give  the  method  in  detail.     The  result  is — 

Weight  iu  lbs.  =  K^(~)'     .     .     (2) 

In  this  equation  K  is  another  coefficient,  which  must  be 
determined  with  reference  to  the  gauge  of  wire  used,  and 
the  cooling  surface  allowed  per  watt.     Where  this  is  2*5 
square  inches,  we  find  the  following  table  : 
Diam.  of  bare 
wire  in  mils.  K. 

40  -495 

120  -520 

200  -615 

It  will  be  seen  from  equation  (1)  that  an  increase  in  the 
length  of  the  coil  is  more  eff'ective  in  augmenting  the 
exciting  power  than  an  increase  in  its  thickness,  whilst 
equation  (2)  shows  that  the  weight  is  diminished  as  we 
increase  the  length  of  the  coil.  It  will  be  understood 
that  the  coefficient  in  (1)  is  only  correct  for  the  ratio  of 
2 "5  square  inches  of  cooling  surface  per  watt.  If  a 
different  ratio  is  adopted,  the  coefficients  must  be  altered. 
Let  q  be  the  new  ratio,  then  K  for  this  ratio  is  found  by 
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multiplying  the  value  of  K  given  in  the  table  hy  a/  — 


1 

Thus,  if  the  ratio  adopted  is  5  square  inches  per  watt^ 
then  K  for  120  mils,  will  be  ^  4^  542  = -p^  =  384. 

Mr.  Kapp  also  investigated  the  more  general  case  in 
which  the  amount  of  energy  to  be  wasted  in  excitation,  is 
settled  beforehand.  The  above  formulae  with  exception  of 
W  =  PL  are  used.  We  thus  find,  neglecting  again  all 
numerical  coefiicients — 

PtC2 


W  = 


d^ 

LD 
PX^ 


LD 
Introducing  now  a  coej0&cient,  K,  we  have 

X 


=  V^^ (3) 


In  this  case,  when  the  loss  of  energy  is  fixed  beforehand, 
the  exciting  power  is  proportional  to  the  square  root  of  the 
depth  of  the  coil,  as  in  the  other  case ;  but  it  is  also  propor- 
tional to  the  square  root  of  the  length,  and  not  to  the 
length  directly,  as  in  the  other  case.  An  increase  of  length 
or  an  increase  of  depth  will  therefore  be  equally  efficient. 
To  get  a  compact  design  of  machine  short  coils  are  desirable, 
and  where  economy  of  exciting  energy  is  of  first  importance 
such  coils  can  be  conveniently  used.  Where,  however,  the 
temperature  limit  is  of  first  importance,  long  coils  are 
cheaper  than  short  ones,  and  then  the  design  of  the  machine 
will  be  less  compact,  and  the  iron  part  of  the  field  will  be 
heavier. 
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As  regards  the  numerical  value  of  the  coefficient  K  in 
equation  (3),  this,  of  course,  also  varies  with  the  gauge  of 
wire.     The  following  table  gives  it  between  the   limits 
already  mentioned : 
Diam.  of  bare 
wire  in  mils.  K. 

40  820 

120  850 

200  900 

The  weight  of  the  coil  is  proportional  to  P  Jj  D.  From 
(3)  we  find  X^P  =  WLD,  and  multiplying  both  sides  by 
Pwe  have  X2  P2  =  W  x  weight. 

X 

Introducing  now  a  coefficient,  K,  and  writing  >    in- 

stead of  X,  for  convenience,  we  obtain — 

Weight  in  pounds  =  K—^j.^^|    ....     (4)  ■ 

For  a  constant  expenditure  of  energy  the  weight  increases 
as  the  square  of  the  perimeter  and  as  the  square  of  the 
exciting  power.  If  both  perimeter  and  exciting  power 
remain  the  same,  the  weight  is  inversely  as  the  energy. 
The  coefficient  in  (4)  is  as  given  in  the  following  table  : 

Diam.^'of  bare 

wire  in  mils.  K. 

40    ,...    -195 

120    -205 

200 -246 

Having  by  means  of  these  equations  found  the  dimensions 
and  weight  of  the  coil,  it  is  an  easy  matter  to  find  in  the 
usual  way  the  exact  size  of  wire,  turns  per  layer,  numbei 
of  layers,  and  resistance,  according  to  the  E.M.F.  or 
current  available,  as  the  case  may  be. 


\ 
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Armatnres. — The  armature  of  the  machine  plays  a  very 
important  part  in  the  economy  of  the  dynamo,  and  just  as 
there  are  numerous  designs  of  field-magnets,  so  there  are 
numerous  designs  of  armatures.     This  book,  dealing  solely 


\^ 


Fig.  78. 

with  elementary  principles,  cannot  attempt  to  discuss  the 
advantages  claimed  by  one  designer  for  his  armature  over 
that  of  others.  There  are  certain  broad  principles  which 
must  be  complied  with,  and  there  are  certain  interactions 


// 


Fig.  79. 

which  must  be  known.  It  is  these  to  which  we  direct 
attention.  For  this  purpose  we  must  refer  again  to  the 
interactions  between  conductors  carrying  current,  between 
magnetic  j&elds,  and  between  conductive  and  magnetic  fields. 
Let  A  B,  Fig  78,  represent  a  piece  of  wire  in  a  circuit 
carrying  current,  and  the  rings  represent  the  "loops  of 
force,"  the  arrows  showing  the  direction  of  the  current  and 
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the  directive  action  to  which  the  field  or  "  loops  of  force"  are 
dae  Further,  supi^ose  this  part  of  the  circuit  bent  round 
on  itself  as  in  Fig  79,  we  then  see  how  the  field  around  one 
bend  of  the  circuit  interacts  upon  the  field  around  the  other 
bend.  The  result  of  this  interaction  is  a  partial  suppression 
or  seeming  partial  suppression  of  the  ^fields  and  a  com- 
bination effect,  causing  a  single  field  to  encircle  both  wires, 

/-*=;: 1 , -. ^ 

a     1.^ ; 1 — +-— ^ 

Fig.  80. 

which  may  be  represented  in  Fig  80.  This  mutual 
action  between  the  wires  has  the  effect  also  of  increasing 
the  resistance  of  the  circuit,  thus  it  will  be  found  that  the 
resistance  of  a  straight  length  of  conductor  appears  less 
than  the  resistance  of  that  same  conductor  made  into  a 
coil.  Usually  the  armature  coils  are  not  coils  of  single 
turns  but  coils  of  many  turns,  therefore  this  mutual 
action  of  the  turns  of  the  same  coil  has  to  be  allowed 
for  as  well  as  the  interactions  between  the  separate  coils. 
It  has  been  stated  that  the  electrical  pressure  in  a  circuit 
under  the  influence  of  a  magnetic  field  is  due  to,  and 
is  proportional  to,  the  number  of  loops  around  the  con- 
ductor forming  the  circuit.  Thus  the  electrical  pressure 
m  a  circuit  of  which  A  B  forms  part  would  be  proportional 
to  the  total  number  of  magnetic  loops,  and  the  same 
holds  good  if  instead  of  A  B  being  straight  it  is  coiled, 
though  the  electrical  pressure  in  the  latter  case,  if  there 
are  three  coils  say,  will  not  cause  three  times  the  current 
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in  the  former,  because  the  resistance  has  practically  been 
increased  by  the  coiling.  It  would,  however,  be  incon- 
venient, if  not  impossible,  to  distribute  the  loops  of  the 
magnetic  field  over  long  lengths  of  armature  wire,  and 
this  little  diminution  of  current  owing  to  greater  resistance 
of  coil  is  easily  allowed  for  in  the  design. 

Consider  now,  shortly,  the  air  space  between  the  pole- 
pieces  of  the  field-magnets.  Where  the  space  is  vacant  of 
everything  except  air,  the  magnetic  resistance  is  the  sum 
of  the  resistances  of  the  field-magnets  and  the  air  space. 
It  is  clearly  of  importance  to  reduce  the  resistance  of  the 
air  space  as  much  as  possible,  and  this  can  only  be  done 
by  putting  into,  or  bridging  over  the  space,  some  material, 
such  as  iron,  which  has  little  magnetic  resistance.  Iron  is 
therefore  largely  used,  and  this  introduces  other  interactions. 
We  have  seen  that  a  single  or  a  multiple  coil  rotated  between 
the  field-magnet  poles,  has  generated  in  it  an  electrical 
pressure  varying  from  a  minimum  to  a  maximum ;  and  the 
current  due  to  this  pressure  is  in  the  case  discussed  during 
one  half  rotation  in  one  direction,  and  during  the  other 
half  rotation  in  the  opposite  direction.  The  current,  too, 
varies  from  a  minimum  to  a  maximum  under  the  influ- 
ence of  the  pressure.  In  many  operations  it  is  necessary 
to  have  the  current  in  the  external  circuit  continuous 
in  one  direction.  Machines  intended  to  produce  such 
currents  are  called  continuous-current  machines,  and 
require  an  apparatus  called  a  commutator  to  direct  the 
current  always  in  the  direction  required.  Machines  which 
do  not  have  the  current  commuted,  but  sent  into  the 
external  circuit  alternately  in  opposite  directions,  are  called 
alternate-current  machines.  The  earlier  machines  of 
Faraday  and  those  immediately  succeeding  him  were  all 
of  the  alternate  type, 
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The  commutator  arrangement  is  very  simple.  In  Fig  81, 
let  S  represent  the  spindle  upon  which  the  commutator 
bars  are  fixed.  Strips  of  brass  P  Pj  or  copper  or  other 
suitable  conducting  material  are  fixed  on  the  spindles  but 
insulated  from  it  and  from  each  other.  The  ends  of  the 
armature  coil  A  C  are  connected  one  end  to  the  bar  P,  the 
other  end  to  Pj.     Conducting  brushes  B  Bj  rest  lightly  on 


A.C 

mnnnn 


Fig.  81. 

P  Pj  and  are  connected  to  the  external  circuit  E  C.  As 
the  spindle  revolves,  the  brushes  B  Bj  are  respectively  in 
contact  with  the  commutator  bars  P  Pj.  When,  however, 
the  spindle  has  made  a  half  revolution,  the  brush  B  comes 
into  contact  with  bar  Pj  and  the  brus^  Bj  with  bar  P. 
This  reversal  of  brushes  compensates  for  the  reversal  of 
current  so  far  as  the  external  circuit  is  concerned,  and  the 
current  in  the  external  circuit  is  always  kept  in  the  same 
direction.  Let  us  trace  the  path  of  the  current  and  then 
the  action  will  appear  simple.  Suppose  the  current  in  the 
armature  coil  to  commence  at  P,  go  in  the  direction  of  Pj, 
pass  from  P^  to  Bj,  ari^  back  through  B  to  P,  thus  com- 
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pleting  the  circuit.  When  the  current  is  reversed  in  the 
armature  coil  as  in  Fig  82,  it  goes  from  P^  to  P,  but  P  is 
now  in  contact  with  Bj  hence  the  current  still  goes  through 
Bj  to  B  and  back  to  Pj.     In  both  cases  in  the  external 


Fig.  82. 

circuit  t  goes  from  B^  to  B,  the  direction  being  unaltered. 

In  a  dynamo  there  are  usually  a  number  of  armature 

coils  with  a  corresponding  number  of  commutator  bars. 

One  reason  for  this  we  shall  now  see.     It  is  generally 


desirable  that  the  current  in  the  external  circuit  should 
fluctuate  as  little  as  possible,  but  if  only  one  coil  were  used 
it  would  at  each  revolution  fluctuate  considerably.  Hence 
a  number  of  coils  are  used  so  arranged  as  to  compensate 
one  another.  Suppose  A  B  C  D  Fig  83,  represents  the 
rise  and  fall  of  current  in  one  coil.  If  now  another  coil 
in  series  with  number  one  enters  the  field  at  a  certain  in- 
terval after  the  first  one  so  that  Aj  B^  Cj  D^  represent  its 
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current,  the  steadiness  of  th«  current  will  be  greatly 
increased  and  may  be  represented  as  in  Fig  84.  Using  a 
larger  number  of  coils  the  current  can  be  made  so  as  to 
show  little  fluctuation  in  the  external  circuit,  and  the 
summit  of  the  curves  representing  it  will  become  almost  a 
straight  line. 


Fig.  84. 

In  connection  with  armatures,  we  shall  briefly  consider  : 

1.  The  main  types  as  shown  by  their  winding. 

2.  The  generation  and  calculation  of  the  pressure  ob- 
tained. 


Fig.  85. 


3.  Some  of  the  interactions  of  the  circuits  produced  by 
the  action  of  the  armature. 

Typical  Winding  of  Armatures. — The  armature 
coils  as  usually  wound  arc  reducible  to  two  types. 

1.  When  the  wire  of  the  coil  is  wound  round  the  core. 

2.  When  the  wire  of  the  coil  threads  the  core. 
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In  the  first  type  the  armature  is  generally  cylindrical  in 
shape  and  is  termed  a  drum  armature.  Fig  85,  shows 
diagrammatically  how  the  windings  are  made,  so  that 
different  parts  of  the  armature  coil  are  utilised  in  diflferent 
parts  of  the  field  to  obtain  constant  pressure,  hence  constant 
current  in  the  external  field.  The  core  is  generally  made 
of  discs  of  soft  iron. 


Fig.  86. 

This  type  of  armature  was  devised  to  lessen  the 
quantity  of  supposed  waste  copper  in  the  ring-armature. 
It  will  be  easily  seen  that  all  the  wire  except  that  at  the 
ends  is  threaded  or  looped  by  the  lines  of  force.  The  second, 
or  ring  type  of  armature,  is  that  most  frequently  adopted 
for  small  machines.  In  this  the  coils  are  wound  round  a 
ring  or  core  of  soft  iron  as  shown  in  Fig  86.  A  more 
detailed  examination  of  the  ring  shaped  armature  will 
assist  in  making  plain  the  interactions  of  the  conductive 
and  magnetic  circuits  in  this  machine.  The  armature  core 
forms  under  the  action  of  the  armature  coils,  when  there 
is  a  current  through  these  coils,  a  magnetic  circuit  of 
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comparatively  low  resistance,  and  under  the  action  of  the 
current  becomes  highly  magnetised.  Now  the  current  in  the 
coils  is  wanted  for  other  purposes  than  magnetising  the 
core.    Thus  in  the  armature  we  find  a  number  of  interactions. 

1.  The  magnetic  loops  of  the  field-magnet  circuit  encir- 
cling the  armature  coils  cause  a  difference  of  pressure 
and  generate  a  current. 

2.  The  current  in  the  armature  coils  magnetises  the 
core. 

3.  The  iron  of  the  armature  core  is  in  the  magnetic 
circuit  of  the  field-magnets.  When  there  is  no  current  in 
the  coils  the  iron  behaves  like  any  other  iron  in  the  circuit. 
When  there  is  current  through  the  coils,  the  iron  belongs 
as  it  were  to  two  magnetic  circuits,  forming  indeed  the 
whole  or  nearly  the  whole  of  one  magnetic  circuit  and  a 
smaller  part  of  the  other.  The  interaction  between  these 
two  magnetic  circuits  is  one  of  the  most  important  in  the 
armature. 

4.  The  mutual  action  between  the  coils  due  to  the 
current  in  the  coils. 

There  is  one  important  action  connected  with  number  2 
which  most  writers  seem  most  unaccountedly  to  have  over- 
looked, though  other  phenomena  connected  with  this  action 
have  received  considerable  attention.  Let  a  ring  arm- 
ature be  represented  as  in  Fig  86.  From  the  nature  of  the 
winding  two  adjacent  commutator  bars  form  the  ends  of  one 
of  the  coils.  In  working,  care  must  be  taken  that  the  brush 
which  rests  upon  the  commutators  does  not  leave  one  bar 
before  it  touches  the  next,  otherwise  a  small  arc  is  formed 
and  the  brushes  and  commutators  are  gradually  burned 
up,  besides  energy  being  wasted.  If  care  is  taken  to  do 
this  then  the  coil  -^yhich  terminates  in  the  two  bars  thus 
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touched  is  short  circuited.  Thus  AC  Fig  87,  may  repre- 
sent this  coil,  CCj  the  two  commutator  bars,  and  B  the 
brush.  If  under  the  action  of  the  field-magnets  there  is  a 
small  electrical  pressure  in  the  coil  there  may  be  a  large 


Fig.  87. 

current  in  it  through  the  short  circuiting.  We  have  seen 
that  the  magnetic  action  of  a  coil  depends  upon  the 
ampere  turns,  and  in  such  a  case  as  this  the  ampere  turns 
may  be  very  large  although  the  number  of  turns  of  wire  is 
small  and  the  pressure  is  also  small.  Suppose  for  example 
the  pressure  only  '1  volt  and  the  resistance  '001  ohm,  the 
current  would  be  100  amperes.  This  result  would  have 
more  than  one  effect.  The  heat  generated,  C^R,  might  be 
too  great  for  the  wire,  and  no  doubt  more  than  one  arma- 
ture has  thus  gone  wrong.  Again  the  magnetic  action 
developed  on  the  core  would  be  detrimental  to  the 
machine  because  of  its  adverse  interaction  with  the  field  of 
the  field-magnet.  The  remedy  is  to  have  no  electrical 
pressure  in  the  coil  so  short  circuited.  In  the  case  of  the 
core  magnetism  then,  it  must  be  remembered  that  in  prac- 
tice both  the  normal  magnetism  due  to  the  ordinary  current, 
and,  unless  prevented,  the  exceptional  magnetism  due  to 
such  causes  as  just  described,  must  be  considered.     It  is 
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impossible  in  a  little  book  like  this  to  enter  fully  into  the 
bearing  of  these  phenomena,  but  it  may  be  pointed  out 
that  the  armature  core  forms  a  part  of  the  field-magnet 
magnetic  circuit.  We  have  seen  that  as  iron  becomes 
magnetised  it  increases  its  magnetic  resistance.  Thus 
when  the  armature  core  is  magnetised  by  the  armature 
coils,  its  resistance  in  the  magnetic  circuit  of  the  field- 
magnets  is  increased,  and  therefore  the  number  of  lines  of 
force  generated  by  the  ampere  turns  of  the  field-magnets 
is  decreased. 

These  various  interactions  make  the  distribution  of  the 
field  through  the  armature  far  from  symmetrical. 

Pressure  in  Armature. — We  have  said  that  one  volt 
pressure  is  obtained  by  looping  100,000,000  lines  of  force 
round  a  conductor  per  second.  In  an  armature  the  con- 
ductor is  wound  round  the  core,  so  we  may  speak  of  a 
conductor  turn,  that  is,  one  complete  turn  around  the  core, 
and  if  100,000,000  lines  of  force  be  looped  through  one 
such  turn  per  second,  a  pressure  of  one  volt  is  obtained. 
The  pressure  is  doubled  by  adding  a  second  turn  in  series 
with  the  first,  and  looping  the  same  number  of  lines  of 
force  per  second  around  both.  It  is  increased  n  times  by 
having  n  turns  in  series  and  looping  the  same  number  of 
lines  of  force  per  second  around  each  of  the  n  turns.  We 
may  symbolise  this  in  the  following  way : 
Let  E  represent  pressure  in  volts. 

n         „         turns  of  conductor  in  series. 
N        „         number   of    lines    of   force   looping 
round  each  turn, 

^,  T.  n  N  n  N 

then  E   =    = 

100,000,000        108 

If  now  the  conductor  turns  are  revolved  in  a  field  of 
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100,000,000  lines  of  force,  so  that  the  lines  of  force  loop 
round  the  turns  r  times  per  second,  the  pressure  is  increased 
r  times  and  the  formula  becomes 

n  N  r 
^   =    ^0^ 

The  conductor  turns  of  a  ring  armature  form  an  endless 
coil  closed  in  itself — that  is,  it  consists  of  a  number  of 
turns — the  end  of  the  last  turn  being  joined  to  the  free 
end  of  the  first,  all  the  turns  being  in  series.  The  lines  of 
force  due  to  the  field-magnets,  loop  round  only  a  portion 
of  these  turns,  say  n  turns,  and  these  turns  revolve  say  r 
times  per  second,  thus  the  pressure  obtained  is  indicated 
by  the  formula  above  used : 

n  N"  r 


E 
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Let  the  armature  under  consideration  be  that  of  a 
Gramme  ring,  used  in  a  two  pole  dynamo.  Find  the 
number  of  turns  of  wire  all  round  the  armature  :  say  100. 
Call  this  T.  Each  turn  is  looped  by  the  lines  of  force 
twice  in  a  revolution  of  the  armature.  Thus  if  there  be  N 
lines  of  force  in  the  magnetic  field,  each  turn  of  wire  is 
looped  by  2  N  lines  of  force  per  revolution.  Usually 
engineers  take  revolutions  per  minute,  and  dynamos 
making  1,000  or  1,200  revolutions  per  minute  are  quite 
common.  Taking  the  latter  figure  this  would  give  20 
revolutions  per  second.  The  number  of  lines  of  force  in 
the  field  are  numbered  by  millions.  Suppose  there  are 
five  millions  of  lines  of  force  looping  the  armature  coils, 
the  pressure  is,  as  usually  calculated,  said  to  be  due  not 
to  the  total  turns,  but  to  one-half  the  turns  of  wire  in  the 
armature,  for  the  conductor  of  the  armature  is  divided  at 

I  2 


116  The  First  Principles  of 

the  brushes,  Fig  88,  into  two  equal  and  symmetrical  parts 
in  multiple  arc  with  each  other.  It  may  be  noticed  here 
that  the  total  resistance  of  the  armature  is  J  that  of  either 
part,  or  \  of  what  it  would  be  if  the  whole  coils  were  ia 
series. 


Then  1  wire  is  looped  in  1  revolution  by  2  N  lines  of  force 
T  wires  are   „        ,      ,,  „   2NT„    „     „ 


T 


)>  J5 


NT 

)>    ^ -'^   ■*-     ))     55        ir 


T 

and   volts    due    to   — —  wires   looped    in    r    revolution* 

rNT 


100,000,000. 

Putting  the  figures  suggested  above  in  the  formula,  viz., 
of  a  dynamo  with  100  turns  of  wire,  making  1,200  revo- 
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iutions  per   minute  or  20  per  second  through  a  uniform 
magnetic  field  of  5,000,000  lines  of  force  : 

volts  =?^^iM2M00xl00  =  100 
100,000,000 

E  =  100  volts. 

We  may  arrive  at  this  same  formula  and  these  same 
figui-es  in  another  way.  The  lines  of  force  from  the  N 
poles  of  the  field-magnet  on  reaching  the  armature  core 
may  be  supposed  to  divide  equally,  one  half  traversing  the 
lower  half  of  the  armature  core,  the  other  half  traversing 
the  upper  half  of  the  core.  The  former  lines  loop  the 
outside  half  of  the  coil  turns  upon  one  half  of  the  armature 
coils,  the  latter  loop  the  inside  half  of  the  wire  turns  on 
the  other  half  of  the  armature.  Under  this  assumption 
«ach  turn  is  looped  by  N  lines  of  force  in  each  revolution. 
The  formula  is  thus  derived  : 

1  wire  is  looped  during  1  revolution  by   N    lines  of  force. 


T  wires  are,. 

NT 

-'■      )j      >)    j>         'J        ^ 

'>                      )}*'-'-*'      •-         J)           )J             ?} 

and  volts  E  thus  obtained  = 

=       "^'^              r-NTlO 
100,000,000  -  '  ^''  -^ 

This  formula  becomes  if  we  use  Kapp  units,  letting  Z  =  N, 
that  is  Z  stands  for  total  number  of  Kapp  or  English  lines 
lines  just  as  N  stands  for  total  number  of  C  G  S  lines. 

N 
Kapp  units  =   g  ^^qq 

-'i^=-T^^or=^zTio- 

Mr.  Kapp  proposes  to  call  these  English  lines.    The  English 


118  The  First  Principles  of 

unit  line  then  is  6,000  times  greater  than  the  C  G  S  unit 
line  of  force. 

Density  of  Lines. — Knowing  the  total  number  of  lines 
either  C  G  S  or  English,  it  is  easy  to  know  the  density 
per  square  inch  where  the  field  is  uniform  or  the  average 
density  when  it  is  not  uniform.  As  a  rule  magnetic  fields 
are  not  uniform,  and  it  is  customary  to  use  density  when 
average  density  would  be  more  correct.  Suppose  the  sec- 
tion of  the  armature  to  be  circular,  its  area  A  is 

A  =  r^TT 
when  r  =  radius  and  ir  —  3'1416. 

The  lines  of  force  divide  between  the  two  halves  of  the 
core,  therefore  the  sectional  area  they  traverse  =  2  r^  tt. 
If  d  =  density  per  square  inch  and  r  is  measured  in  inches- 
then  Z  =  2  r2  TT  d 

and  the  formula  r  Z  T  10~   may  be  written 

E  =  2rr2  7rdT  10'^ 

The  electrical  energy  developed  in  the  armature  when  a 
current  C  flows  through  the  coils 

=  EC=2rr2  7rdT  10"^  C. 

To  express  this  in  horse-power  we  must  divide  by  746, 
Thus  we  get  the  horse-power  developed  in  a  working  arma- 
ture, and  to  cause  the  armature  to  revolve  at  the  number  of 
revolutions  r  we  shall  have  to  expend  more  horse  power 
than  this,  because  a  certain  amount  will  have  been  wasted 
in  friction,  in  churning  the  air,  etc. 

The  most  economical  cross  section  of  armature  core  is 
that  at  which  the  iron  is  just  saturated.  According  to 
Kapp,   a   fair  average  density  is  20   English   lines   per 
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square  inch.  The  coil  is  usually  laminated  so  that  the 
whole  cross  section  of  the  space  is  not  used  in  conveying 
lines  of  force.  The  waste  area  must  be  allowed  for  in 
calculations.  Mr.  Esson  gives  the  limit  of  density  as  17,000 
C   G  S    lines   per   square  centimetre,   which  in  English 

.      17,000  ^    .r:  n  T  .  n    AK 

measure  is     *         x  6*45  and  as  1  square  in.  =  6  "45  square 
6,000 

centimetres,  this  gives  about  18  English  lines. 

It  would  be  nice  if  the  practical  questions  were  all  as 
easily  solved  as  the  above,  but  the  various  interactions 
between  the  circuits  introduce  all  sorts  of  complications. 
We  will  examine  a  few,  but  an  exhaustive  examination 
would  require  much  greater  space  and  a  much  wider  range 
of  mathematical  knowledge  than  can  be  given  in  a  small 
book  or  expected  of  its  readers. 

Some  of  the  interactions  among  the  circuits. — 

These  interactions  take  place  among  the  following  circuits. 

1.  The  magnetic  circuit  of  the  field-magnets. 

2.  The  conductive  circuit  of  the  armature  coils. 

3.  The  magnetic  circuit  due  to  the  action  of  the  arma- 
ture conductive  circuit  upon  the  armature  core. 

The  first  of  these  circuits  has  been  shown  to  consist  of 
several  parts  :  the  magnet  cores,  the  yoke  and  the  air  space. 
When  the  armature  is  in  position,  a  large  part  of  the 
air  space  is  filled  with  iron,  which  reduces  the  magnetic 
resistance  of  the  space ;  and  copper,  which  has  little  or  no 
influence  upon  the  magnetic  resistance.  When  the  arma- 
ture is  at  rest,  the  lines  of  force  are  found  somewhat  as 
shown  in  Fig  89.  The  lines  do  not  go  straight  across, 
but  traverse  the  path  of  least  resistance,  which  is  through 
the  iron  of  the  armature  core.     They  crowd,  as  it  were, 
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into  this  path  of  least  resistance.  Fig  90,  shows  the 
lines  as  indicated  by  iron  filings  when  the  armature  is 
removed.  It  will  be  seen  that  the  lines  take  almost  or 
quite  straight  lines  across  from  pole  to  pole.  Fig  91, 
shows  the  field  with  the  armature  inserted,  and  only  a 


Fig.  89. 


few  straggling  lines  get  into  the  central  space.  If  the 
armature  when  running  had  no  influence  upon  the  dis- 
position of  the  lines  of  the  field,  we  should  expect  them 
to  symmetrically  divide,  as  above  explained,  about  the 
axis  of  the  pole  pieces  going  through  the  armature  core, 
half  traversing  the  top  half  of  the  core,  and  half  traversing 
the  lower  half.  But  this  is  not  found  to  be  the  case  in 
practice. 
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There  is  one  vicious  error  to  be  corrected  here.  The 
word  induction  has  been  dragged  into  every  explanation 
whether  required  or  not.  Had  the  reality  of  the  circuit 
been  accepted  years  ago,  little  except  the  legitimate  use 
would  have  been  made  of  the  term.  Once  employ  a  term, 
and  subsequent  speakers  and  writers  never  seem  to  stop 


Fig.  90. 


to  think  whether  it  be  rightly  employed  or  not,  until  an 
iconoclast  comes  along  who  is  sceptical  upon  most  things 
till  he  can  see  the  e  xplanation.  The  magnetic  circuit  like  the 
the  conductive  circuit  generally  consists  of  two  parts,  one  part 
where  the  lines  of  force  pass  through  air  media  or  other 
substance  where  they  can  be  investigated,  the  other  part 
going  through  the  interior  of  the  magnetic  substance.  These 
may  well  be  called  the  external  and  the  internal  parts  of 
the  circuit.     It  is  convention  in  the  conductive  circuit  to 
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say  the  external  current  goes  from  the  copper  or  +  pole 
of  the  battery  through  the  external  circuit  to  the  zinc  or  - 
pole,  and  the  internal  current  from  the  zinc  pole  through 
the  liquids  of  the  cell  to  the  copper.  A  little  examination 
will  show  the  current  to  be  continuous  all  round  the 
circuit,  and  nothing  but  ignorance  of  the  subject  in  the 
first  place  could  have  warranted  so  cumbrous  a  notation. 


"Wmm. 


Fig.  91. 

If  thfi  external  conductor  of  the  conductive  circuit  is  made 
up  of  various  conductors  such  as  silver,  copper,  iron,  etc., 
we  do  not  say  that  the  current  leaving  the  silver  acts 
inductively  upon  the  copper,  or  that  the  current  leaving 
the  copper  and  entering  the  iron  acts  inductively  upon  the 
iron.  Any  two  points  in  the  external  circuit  are  +  and  — 
to  each  other  according  to  their  position.  The  only 
question  is  does  the  current  go  from  one  to  the  other.  In 
the  internal  part  of  the  circuit  the  notation  is  reversed 
though  the  direction  of  the  current  in  the  circuit  is  not. 
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and  here  the  points  will  be  -  and  +  to  each  other 
according  as  the  current  goes  from  one  to  the  other. 

In  the  external  circuit,  then,  that  point  is  +  from 
whence  the  current  goes.  In  the  internal  circuit  that  point 
is  —  from  whence  the  current  goes.  This  notation  is 
cumbrous,  and  likely  to  be  misleading  and  unscientific.  The 
same  may  be  said  of  the  magnetic  circuit,  only  the  case  is 
worse.  If  a  bar  magnet  is  divided  into  two  or  into  ten 
parts,  we  get  two  or  ten  complete  magnets.  The  conven- 
tion regarding  the  lines  of  force  of  the  magnet  is,  that  in 
the  external  part  of  the  circuit  they  go  from  the  N  pole 
to  the  S  pole,  and  in  the  internal  part  of  the  circuit  they 
go  from  the  S  pole,  to  the  N"  pole.  The  direction  of  action 
of  the  lines  changes  not,  it  is  continuous  throughout  the 
circuit.  A  more  scientific  convention  would  be  that  in 
the  conductive  circuit  any  point  is  +  in  regard  to 
another  point,  if  the  current  goes  from  the  first  to  the 
second,  and  that  in  the  magnetic  circuit  any  point  is  N  or  + 
to  another  if  the  lines  of  force  go  from  the  first  to  the 
second.  Any  point  will  consequently  be  S  on  to  another 
if  the  lines  of  force  come  to  that  point  from  the  other. 
Of  course  the  existing  system  had  arisen  before  the 
magnetic  circuit  was  thought  of,  and  only  took  inta 
consideration  the  action  of  an  ordinary  compass. 

When  this  matter  is  considered  in  connection  with  & 
dynamo,  explanations  are  given  somewhat  as  follows. 
Let  Fig  92,  represent  the  apparatus,  the  N  pole  of  the  field 
magnet  is  said  to  induce  a  S  pole  in  the  armature  core  im- 
mediately opposite  it,  and  the  S  pole  of  the  field-magnet 
is  also  said  to  induce  a  N  pole  in  the  armature  core  imme- 
diately opposite  it.  Our  contention  is  that  these  points  are 
points  in  the  circuit  and  their  position  decides  the  polarity 
of  the  one  to  the  other.     So  far  as  the  circuit  is  concerned,  S 
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of  the  armature  opposite  to  N  of  the  field  magnet,  is  S  com- 
pared with  that  point  N,  but  is  N  compared  to  the  opposite 


Fig.  92. 


pole  of  the  armature  core.  Our  suggestion  is  merely  an  ex- 
tension of  the  ordinary  algebraic  convention,  that  a  line 
drawn  from  a  point  in  one  direction  is  + ,  drawn  in  the 
other  is  - .  At  present  if  we  get  a  magnetic  circuit 
made  up  of  a  series  of  bits  of  iron  separated  by  air  spaces, 
we  have  to  reverse  our  notation  at  the  commencement  of 
-every  member  of  the  series,  though  admitting  at  the  same 
time  there  is  no  reversal  of  the  direction  of  action  of  the 
lines  of  force.  We  maintain  this  is  cumbrous  and  un- 
worthy of  the  scientific  tendencies  of  the  day. 

Position  of  Brushes. — If,  when  the  armature  is  in 
action,  the  lines  of  force  in  it  remained  the  same 
as  when  at  rest,  S^  and  N^  would  be  in  the  position 
A  B  shown  in  Fig.  89,  and  the  position  of  the  brushes  or 
diameter  of  commutation  would  be  at  right  angles  to 
the  magnetic  axis  of  the  pole  pieces.  In  fact  it  is  at 
right  angles  to  the  magnetic  axis,  but  this  axis  is  moved 
from  its  position  when  the  armature  is  at  rest  to  a  new 
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position  when  there  is  a  current  in  the  armature  coils. 
The  current  in  the  coils  magnetises  the  core,  and  the 
resultant  effect  of  core  magnetism  and  field  magnetism  is 
to  alter  the  direction  of  the  magnetic  axis  of  the  field- 
magnets — that  is,  the  central  line  about  which  the 
magnetic  field  is  symmetrical.     The   lines   of   force  are 


Fig    93. 


crowded  towards  one  corner  of  each  pole  piece  as  shown 
in  Fig.  93,  and  Sj  is  shifted  to  Sg,  and  N^  to  Ng.  The 
lines  of  the  brushes  or  the  line  of  commutation,  Bj  Bj,  is 
in  the  diameter  perpendicular  to  the  line  S^  Ng.  Fig.  93, 
supposes  the  armature  to  be  moving  in  a  direction  contrary 
to  that  of  the  hands  of  a  watch.  If  it  be  moving  in  the 
opposite  direction,  the  magnetic  axis  will  be  shifted  in  the 
opposite  direction.  The  brushes  are  then  shifted  in  the 
direction  in  which  the  armature  is  moving,  and  this 
shifting  is  termed  the  lead  of  the  brushes. 

We  have  seen  that  if  the  brushes  leave  one  commutator 
bar  before  touching  another,  it  leads  to  sparking  and  the 
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destruction  of  brushes  and  commutator.  The  intensity  of 
this  action  depends  upon  the  current,  that  is,  upon  the 
pressure  and  resistance  of  the  coil.  Also  when  the  brushes 
touch  two  adjacent  commutator  bars,  a  coil  is  short 
circuited,  and  a  large  current  may  be  caused.  Now  instead 
short  circuiting  one  coil  where  the  bad  effects  will  be  a 
minimum,  many  makers  adopt  the  plan  of  regulating  their 
machines  for  pressure  by  moving  the  brushes  from  where 
they  ought  to  be,  to  positions  where  they  ought  not  to  be, 
and  short  circuiting  coils  which  give  a  worse  effect  than  if 
the  brushes  were  properly  placed.  Thus,  take  an  armature 
with  80  commutator  bars,  that  is,  with  40  coils  in  each 
half  of  the  armature.  Assume,  as  is  usual,  that  an  average 
pressure  is  generated  in  eachcoil  through  the  action  of  the 
lines  of  force  looping  these  40  coils  which  are  in  series, 
and  that  this  average  in  each  coil  produces  a  pressure  of 
2 -5  volts.  The  total  pressure  is  40x2*5  =  100  volts. 
Now  suppose,  by  moving  the  brushes,  we  can  arrange  to 
oppose  the  pressure  of  one  coil  to  that  of  the  others,  we 
then  get  a  pressure  of39x2'5-2-5  volts  as  the  total,  viz, 
95  volts.  If  the  pressure  generated  in  each  coil  was 
really  the  same  as  we  have  assumed  it,  the  result  would 
be  the  same  whichever  coil  was  short  circuited ;  but  when 
regulating  by  opposing  a  coil  or  coils  to  the  others,  those 
so  opposed  may,  and  oftea  do,  have  generated  in  them  a 
greater  pressure ;  hence  in  the  short  circuit  we  get  a  greater 
current  than  at  the  normal  position,  hence  a  greater  deterior- 
ating action.  Move  the  brushes  of  a  dynamo  running 
without  sparks,  you  usually  get  a  blaze  of  fireworks  at  once. 
Sparking  is  bad  anyhow,  and  if  such  regulation  leads  to 
it,  then  the  less  it  is  indulged  in  the  better. 

Mechanical  disposition  of  Armature. — Part  of  the 
mechanical  arrangements  of  the  armature  of  a  dynamo  are 
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dictated  by  electrical  reasons,  and  part  are  purely  me- 
chanical. In  the  purely  mechanical  arrangement  we  have 
to  consider  that  the  armature  is  made  up  of  various  parts, 
the  position  of  which  in  relation  to  each  other  should  be 
invariable,  and  that  the  whole  of  these  parts  are  to  revolve 
at  a  more  or  less  high  rate  of  speed.  The  shaft  which  carries 
the  armature  proper  must  have  a  diameter  large  enough  to 
resist  all  tendency  to  bending,  and  as  the  shorter  it  is  the 
less  liable  to  bending,  its  length  cannot  be  overlooked.  On 
these  mechanical  points  Mr.  Hering  says  :  "  The  bearing  at 
the  pulley  end  should  be  between  the  pulley  and  the  ar- 
mature, and  not  outside  the  pulley.  The  armature  and 
commutator  between  the  two  bearings  should  be  as  short 
as  possible,  and  there  should  be  no  space  lost  between 
them  and  the  bearings.  The  bearings  should  be  long,  at 
least  from  three  to  five  times  the  diameter  of  the  shaft, 
and  should  be  made  of  some  antifriction  metal.  In  no 
case  should  bearings  be  of  iron  when  the  shaft  is  of  iron  or 
steel,  on  account  of  the  magnetism  produced  by  leakage 
lines  of  force  increasing  the  friction.  The  bearings  should 
be  kept  free  from  magnetism ;  unless  this  is  done,  cur- 
rents are  produced  through  short  circuits  into  the  shaft, 
which  may  be  large,  and  cause  the  bearings  to  heat.  The 
bearings  should  be  bored  as  true  as  possible.  The  supports 
to  the  bearings  should  be  as  rigid  as  possible  to  prevent 
vibration.  In  case  of  high  speed  it  is  preferable  to  allow 
a  slight  lateral  play  to  the  shaft  of  from  *25  to  '5  inch,  as 
the  oil  or  other  lubricant  is  better  distributed,  and  the 
bearings  are  equally  worn  instead  of  being  cut  and  furrowed. 
The  distance  between  the  armature  core  and  the  pole 
pieces  should  be  exactly  the  same  on  both  sides,  otherwise 
there  will  be  a  difference  of  pull  upon  the  armature  tending 
to  bend  the  shaft  and  heat  the  bearings.     Again,  it  is 
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specially  necessary  with  high  speeds  that  the  armature  be 
perfectly  balanced,  otherwise  it  will  vibrate,  which  tendency 
to  vibration  will  be  increased  by  the  action  of  the  mag- 
netic field.  In  some  cases  of  want  of  good  balance  the 
armature  has  come  into  contact  with  the  pole  pieces,  the 
tie  bands  have  been  cut,  resulting  in  short  circuiting  and 
the  destruction  of  the  armature.  Great  care  should  be 
taken  in  winding  the  armature  to  have  the  outside  surface 
as  smooth  and  as  regular  as  possible,  so  as  to  lose  as  little 
as  possible  in  friction  by  churning  the  air,  and  of  course 
the  armature  must  be  carefully  connected  to  the  shaft." 

It  will  be  seen  that  a  knowledge  of  the  principles  regu- 
lating the  mechanical  disposition  of  the  material  built  up 
into  an  armature  necessitates  a  knowledge  of  the  strength 
of  materials,  of  the  laws  relating  to  motion,  and,  in  fact, 
a  good  general  knowledge  of  applied  mechanics. 

Pull  of  Field-Magnet  upon  Armature  Core.— If 
the  distance  of  the  core  from  the  field-magnet  poles  is  not 
the  same,  the  pull  is  greater  upon  that  side  which  is 
nearest  the  pole.  The  exact  amount  of  the  pull  of  pole 
upon  pole  is  still  a  subject  under  discussion.  Prof.  S. 
Thompson  contends  that  it  varies  as  the  "  square  of  the 
flux."  Mr.  Hering  says  :  "By  reducing  the  thickness  of 
this  space,  (air  space  between  pole  and  core)  by  one  half, 
it  does  not  follow  as  is  sometimes  supposed,  that  the  mag- 
netism will  be  four  times  as  great,  as  the  well  known  rule 
that  the  magnetic  intensity  varies  inversely  as  the  square 
of  the  distance  does  not  apply  to  the  distance  between  the 
two  neighbouring  surfaces  of  two  large  magnets."  This 
law  of  inverse  squares  holds  nowhere  in  practice,  so  far  as 
electrical  or  magnetic  apparatus  is  concerned.  Mr.  Hering 
does  not  investigate  what  the  pull  really  is,  but  again  all 
practical  men  know  it  is  neither  "  inversely  as  the  square 
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of  the  distance,"  nor  as  "  the  square  of  the  flux."  The 
subject  may  perhaps  be  put  upon  a  sounder  footing  by  a 
short  investigation.  We  contend  the  pull  to  be  propor- 
tional to  the  number  of  lines  of  force,  and  if  this  is  so  the 
pull  will  be  more  than  doubled  by  halving  the  distance 
between  the  acting  surfaces,  but  the  exact  pull  can  hardly 
be  given  by  a  simple  formula. 

Let  N  be  the  total  number  of  lines  of  force  acting  from 
N  to  S,  Fig.  94.     We  have  previously  stated  that  the 
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lines  of  force  traverse  circuits  inversely,  as  the  magnetic 
resistances  of  those  circuits.  If  the  direct  resistance, 
r,  between  N  S  be  larger  than  the  indirect  or  leakage 
circuit,  the  proportion  of  lines  from  N  to  S  to  the 
total  number  of  lines  in  the  whole  circuit  may  be 
small,  and  the  number  of  leakage  or  inoperative  lines 
may  be  large.  If  r^  is  the  sum  of  the  leakage  resistances, 
then  when  r  =  r^,  the  number  of  operative  lines  =  the 

number  of  inoperative  lines  =  -^  . 

r  r-i 
The  total  magnetic  resistance  is  — —^  =  R. 

If  we  halve  the  distance  between  N  and  S  and  thereby 

K 
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halve  the  resistance,  r,  making  it  — —  the  total  resistance, 

z 

R,  is  not  thereby  halved,  and  the  number  of  lines  of  force  is 

not  doubled;  that  is,  N  under  the  new  conditions  does  not 

become  2  N  but,  say,  M. 

If  we  assume  that  the  sum  of  the  leakage  resistance,  r^, 

r 
has  remained  the  same,  so  that  the  ratio  of  —^  to  r^  is  as 

1  :  2,  then  the  M  lines  of  force  divide, 

M 

-— -  X  2  lines  going  through  smaller  resistance 
o 

M 
-— -  X  1     „        „  „         larger  resistance. 

N 
Under  the  original  assumption  —^  lines  of  force  were 

operative, 

2  M 

Under   the   new  assumption  — ^  lines   of    force   are 

operative, 

that  is,  old  pull  :  new  pull  :  :  —    :     ^  -^  ; 

2i  o 

or,  old  pull   ^    2     ^   3  N 
new  pull       2  M      Tm^* 
3 
Even  if  under  new  conditions  M  =  2  N,  and  this  ratio 

,  3  N 

becomes- 


8N 

it  neither  bears  out  the  "square  of  flux"  nor  "inverse 
square  of  distance  "  theory. 

Roughly  speaking  we  may  take  it  that  halving  the  dis- 
tance between  pole  and  armature  increases  the  pull  from 
two  and  a  half  to  three  times. 


CHAPTER  IV. 

KINDS  OF  DYNAMO, — CHARACTERISTICS,  ETC. 

A  BRIEF  discussion  will  now  be  made  upon  the  various 
types  of  dynamos  in  common  use,  viz. 

1.  Series  wound — Continuous  Current. 

2.  Shunt  wound  do  do 

3.  Compound  wound  do  do 

4.  Alternators — or  alternate  current  machines. 
One  of  these  will  be  treated  at  greater  length  than  the 

others,  because  the  greater  part  of  what  is  said  will  apply 
to  all  the  machines  and  need  not  be  repeated. 

Series  Wound  Machines. — In  the  series  wound 
machines  the  circuit  is  continuous  from  the  one  brush  round 
the  arms  of  the  field-magnet  and  by  the  external  circuit 
to  the  other  brush,  as  shown  in  Fig  95.  Among  the  more 
important  information  required  is  : 

1.  The  total  electromotive  force  or  pressure  generated. 

2.  The  working  or  useful  electromotive  force  or  pressure, 
that  is,  the  difference  of  pressure  between  the  terminals. 

3.  The  total  energy  developed  by  the  machines. 

4.  The  useful  energy. 

5.  The  difference  between  the  total  energy  and  the  useful 
energy  gives  that  which  may  be  termed  waste. 

As  usual  let  E  =  total  pressure,  and  let  E^  =  useful 
pressure.     Let  R  =  total  resistance,  and  R^,  Re  represent 
(131)  K  2 
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armature  resistance — which  includes  the  resistance  of 
armature  and  field-magnet  coils,  in  fact  all  internal  resis- 
tances from  terminal  to  terminal;  and  external  resistance 
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Fig.  95. 

respectively.     Let  P  =  total  energy,  P„  =  useful  energy, 
and  P^  =  waste  energy. 

It  is  evident  that  simple  applications   of  Ohm's  law 
give  us  the  information  required. 


\ 
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E  E 

Current  =  C  =  -^r-    = 


Useful  electromotive  force  or  pressure  =  Eu 

=    E     —    C  Ha    ^^    C  lie 

Total  energy  P  =  E  C  =  C^K  =  C^  (Ra  +  Re). 
Useful  energy  P^  =  E^C  =  C^Re  =  C^  (R  -  Ra). 
Waste  energy  P,v  =  (E-E,)C  =  C^Ra  =  C2(R-Re). 

_,         .    Pu       En         R  R  .         •!     p       1 

The  ratio  ^  =    f"  ~    p~  "^  t>  _  t>     is  easily  found. 

It  will  be  seen  that  the  formulae  can  be  given  in  various 
ways,  and  in  practice  one  is  more  convenient  to  use  than 
another — which  is  most  convenient  depends  upon  the  in- 
formation to  be  obtained.  Usually  in  practice  it  is  easy  to 
obtain  the  useful  pressure  between  the  terminals,  and  the 
current  in  the  circuit,  by  the  readings  on  a  voltmeter  and 
An  ammeter. 

It  is  customary  for  an  engineer  to  consider  above  all 
things  the  commercial  eflS.ciency  of  his  machines.  The 
electrical  engineer  has  to  consider  the  commercial  efficiency 
of  a  combination  of  machines.  He  has  a  boiler  in  which  to 
generate  steam — an  apparatus  which  may  be  economical  or 
wasteful;  he  then  has  the  engine  to  utilise  the  steam;  he 
has  the  driving  gear ;  and  finally  he  gets  to  the  dynamo. 
From  the  widest  point  of  view  it  is  wanted  to  know  how 
much  of  the  energy  obtained  from  the  combustion  of  a  pound 
of  coal  in  the  furnace  is  utilised  in  the  external  or  work- 
ing circuit  of  the  dynamo.  Taking  that  every  pound  of 
<;oal  consumed  in  the  furnace  of  the  boiler  should  give 
10,000,000  heat  units,  what  part  of  this  energy  is  obtained 
in  the  working  cicuit  as  given  by  the  formula  C^R. 

In  a  narrower  sense,  and  simply  to  find  the  efficiency  of 
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the  dynamo,  the  engineer  compares  the  energy  supplied 
to  the  shaft  of  the  dynamo,  with  the  energy  obtained  in 
the  external  circuit,  that  ratio  determines  the  commercial 
efficiency  of  the  dynamo.  The  electrical  efficiency  is 
greater,  for  that  will  include  the  energy  converted  but 
lost  in  the  armature,  etc.,  that  is,  in  the  internal  part  of 
the  circuit. 


Fig  96. 

Suppose  X  horse  power  applied  to  the  shaft, 
C2R 


then 


and 


746 
746 


is  that  converted  electrically, 


is  that  converted  and  utilised. 


The  best  way  of  dealing  with  many  of  these  question* 
is  by  a  graphic  representation  thus,  the  available  pressure 
at  any  point  in  a  circuit  is  shown  in  Fig  96,  we  can 
represent  E  by  O  Y  and  K  by  O  X,  while  O  A  represents 
Ra  and  A  X  represents  Re  then  A  E^  represents  Eu  or  the 
useful  pressure  at  the  point  A  in  the  circuit. 

NowE  =  Eu  +  CRa 
and  if  E  is  constant,  Eu  cannot   be    constant   when    C 
changes, 
while  if  Eu  is  constant,  then  E  cannot  be  when  C  changes. 
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1.  With  E  constant.  Let  O  X,  Fig.  97,  represent 
resistance,  and  O  Y  pressure.  Let  O  A  represent  Ra? 
AX  =  Re,  andOY  =  E.     Join  Y  X. 

Through  A  draw  A  Eu  parallel  to  O  Y  which  represents 
pressure  available  at  terminals. 

Through  Eu  draw  EuB  parallel  to  O  X,  cutting  O  Y  in  B. 
Then  B  Y  =  loss  of  pressure  in  internal  circuit. 


Eu 


Ra 


X, 

Fig.  97. 


J^r 


Produce  B  Eu,  and  through  X  draw  X  D  parallel  to  O  Y, 
cutting  B  Eu  produced  in  D. 

Let  A  Xj  represent  a  less  external  resistance. 

Join  Y  Xj.  Just  as  Y  X  shows  the  fall  of  pressure  in 
the  above  case,  so  Y  X^  shows  the  fall  of  pressure  in  the 
new  case. 

The  difference  O  Y  —  A  F  shows  the  pressure  lost,  and 
A  F  shows  the  pressure  available  in  the  external  circuit. 

Through  Xj  and  F  draw  lines  respectively  parallel  to 
O  Yj  O  X  meeting  at  G. 

Similarly  taking  other  resistances  less  than  A  X^  other 
points  can  be  found,  and  being  joined  will  give  the  curve 
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A  G  D.     This  curve   shows  how  the  terminal  pressure 
rises  when  the  external  resistance  is  increased  from  O  to 
A  X,     The  equation  to  this  curve  is  given  by  the  condition 
E  —  Eu Ra 

hi  Kg  —  xv-a 

that  is  (E  -  Eu)  (Re  -  E^)  =  E  Ra. 


Fig.  98. 

2.  With  Eu  constant.  Let  O  X,  O  A,  A  X,  A  Eu  Fig 
98,  represent  the  resistances  Rj  Ra,  Re  and  the  terminal 
pressure  Eu  respectively. 

Join  X  Eu  and  produce  X  Eu  to  Y. 

Then  O  Y  represents  the  value  of  E  which  will  give  Eu 
volts  at  the  the  terminals  when  Re  =  A  X. 

Draw  X  D  parallel  and  =  to  O  Y. 

Take  any  other  external  resistance  less  than  A  X  such 
as  A  Xj. 
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Join  Xj  Eu.  Produce  Xj  Eu  to  meet  O  Y  produced 
in  Yj. 

From  Xj  draw  X^  G  parallel  and  =  to  O  Yy  Now 
Oj  Y  =  Xj  G  =  value  of  E  when  the  external  resistance 
is  A  Xi. 

Similarly  other  points  may  be  obtained  for  other  resist- 
ance less  than  A  X  and  joining  the  points  so  obtained  we 
Y 


get  the  e.urve  G  D  which  shows  how  E  must  vary  to  keep 
Eu  constant.  The  equation  to  this  curve  is  given  by  the 
condition. 


E  -  Eu 


Eu 


Ra  Re 

that  is  (E  —  Eu)  Re  =  Eu  Ra  =  constant. 
A  very  slight  examination  of  these  diagrams  will  show 
that  E  and  E^  approximate  to  equality  when  Re  is  made 
larger  and  larger,  so  that  to  find  E  approximately  we  have 
only  to  make  Re  very  large  and  measure  the  voltage 
between  the  terminals. 
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The  Relation  between  Armature  speed  and  £. — 

Suppose  we  take  a  sheet  of  square  paper,  and  draw  O  X 
Fig.  99,  to  represent  revolutions  per  minute,  and  O  Y  the 
pressure  or  electromotive  force  generated.     Ascertaining 


10  15 

CURRENT 

Fig.  100. 

the  value  of  E  for  different  revolutions  and  joining  these 
points  we  get  a  curve  as  shown.  If  the  field  in  which  the 
armature  revolved  was  constant,  and  the  increase  of  E  and 
therefore  of  C  in  the  armature  had  no  effect  on  the  in- 
teractions between  the  circuits,  the  lines  would  be  straight, 
but  these  interactions  do  not  remain  constant,  so  the  line 
is  slightly  curved.  According  to  the  curve  500  revolutions 
give  103  volts,  and  were  there  no  interactions,  1000  revo- 
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lutions  would  give  206  volts,  but  1070  revolutions  give 
only  208  volts,  whereas  these  revolutions  should  give  with 
no  interference  of  interactions  about  222  volts. 

Characteristic  Curve. — Perhaps  the  curve  which  is 
called  the  characteristic  curve  possesses  the  most  impor- 
tance to  the  student  of  dynamos.  Let  the  machine  under 
consideration  be  a  series-wound  machine,  run  at  constant 
speed  with  a  load  varying  from  the  largest  to  the  smallest 
that  the  machine  will  carry  without  injury.  Measure  for 
BBch  resistance  the  difference  of  pressure  or  potential  at 
the  terminals,  and  the  current.  Let  the  currents  be  rep- 
resented along  O  X,  and  the  pressure  along  O  Y.  The 
intersection  of  the  horizontal  and  vertical  lines  which  rep- 
resent the  current  and  the  pressure  give  a  series  of  points, 
which  when  joined  give  the  curve  called  the  characteristic 
of  the  machine.  In  Fig.  100,  let  O  A  B  C  represent  such  a 
curve,  and  the  interpretation  of  its  peculiarities  is  the 
object  of  the  construction.  The  curve  shows  tnat  when  the 
currents  ars  small  the  pressure  increases  rapidly,  and  as 
this  part  of  the  curve  is  almost  or  quite  a  straight  line  the 
pressure  and  current  increase  in  the  same  proportions. 
When  the  current  has  increased  to  a  certain  value  in  the 
diagram  indicated  at  or  about  the  point  A,  the  pressure  in- 
creases less  rapidly,  and  soon  reaches  its  maximum  limit 
past  which  it  will  probably  slightly  decrease.  Now  the 
practical  value  of  having  such  a  curve  as  this  depends  upon 
the  ability  to  interpret.  The  complete  interpretation  can 
only  be  understood  after  a  course  of  study  of  the  dynamo, 
but  sufficient  can  perhaps  be  said  here  to  indicate  the 
enormous  value  of  such  curves,  and  to  induce  the  student 
to  closely  examine  all  that  may  be  said  about  them.  The 
curve  given  is  that  known  as  the  external  characteristic  of 
a  series  dynamo.     It  has  already  been  mentioned  that  the 
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electrical  pressure  of  the  machine  increases  pretty  uniformly 
-according  to  the  number  of  revolutions.  Here  we  have 
assumed  the  revolutions  to  be  constant.  Part  of  the  pres- 
sure generated  is  used  to  overcome  the  resistance  of  the 
armature  itself,  the  remaining  part — viz.,  the  diflference  of 
pressure  or  the  diflerence  of  potential  at  the  terminals  of 
the  dynamo — is  that  available  for  use  in  the  external  cir- 
cuit. The  characteristic  curve  can  take  into  account  the 
total  pressure,  or,  that  available  in  the  external  circuit 
only.  From  the  curve  given  we  should  infer,  putting  other 
considerations  aside,  that  this  machine  would  not  be  run 
to  the  best  advantage  if  run  for  pressure  or  current  less 
than  those  indicated  by  point  A ;  neither  should  it  be  run 
much,  if  any,  beyond  point  B,  as  that  is  the  maximum 
point  for  pressure.  Further,  for  value  of  currents  between 
A  and  C,  the  machine  gives  nearly  constant  pressure  for 
different  loads.  Of  course,  the  nearer  the  curve  A  C  is  to 
a  straight  line  the  more  constant  the  pressure.  If,  there- 
fore, it  is  desired  to  construct  a  machine  to  give  a  constant 
pressure,  it  is  necessary  to  have  one  that  gives  a 
characteristic  with  A  0  as  nearly  a  straight  line  as 
possible. 

How  comes  there  to  be  such  a  sharp  bend  in  the  curve 
at  A  ?  Before  answering  this  question  let  us  see  how  the 
total  characteristic  is  obtained. 

Assume,  though  of  course  in  an  actual  case  the  resistance 
would  be  measured,  the  resistance  of  the  armature  to  be 
"5  ohm. 

To  drive    5  amperes  through  '5  ohm  requires    2*5  volts. 
„        10        „  «,        '5      „  „  5"0     „ 

20       ,>  ..        -5     „  „       10-0     „ 
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From  O,  Fig  101,  draw  the  line  O  I  at  an  angle  with~0  Xy 
whose  tangent  =  ^ — that  is 
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5  10  15 

CU  R  R  EINT 


Fig.  101. 


numerical  value  of  volts 


2*5       5 

=  in  this  case  -^-or— - 


numerical  value  of  amperes       "    '  '    '    '    5        10 
The  ordinates  of  this  line  represent  the  pressure  or  electro- 
motive force   or  volts   lost  in   the  armature.     Add   the 
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ordinates  of  O  I  to  the  corresponding  ordinates  of  O  ABC, 
and  we  get  a  series  of  points  which,  when  connected,  give 
the  curve  O  T.  Then  the  length  of  ordinates  from  0  X  to 
O  T  give  the  total  voltage  induced,  or  the  curve  O  T  may 
be  called  the  total  characteristic.  In  practice  account 
must  be  taken  of  the  rise  in  temperature  causing  an 
increased  resistance  in  the  armature,  so  that  the  real  loss 
in  volts  is  greater  than  is  depicted  in  this  diagram. 

To  return  to  the  question,  How  comes  the  bend  in  the 
curve  at  A  ?  It  has  been  stated  that  a  current  through  a 
coil  around  a  core  of  soft  iron  evokes  magnetic  lines  or 
loops  of  force.     We  have  seen  that 

ampere  turns 
Number  of  loops  =  resistance  of  magnetic  circuit 

that  is,  if  the  resistance  of  the  magnetic  circuit  remained 
constant,  the  number  of  loops  would  vary  directly  as  the 
ampere-turns,  but  the  resistance  is  not  constant.  It 
increases  with  the  magnetisation,  and  after  a  time  the 
sending  of  additional  current  through  the  coil  does  not 
increase  the  number  of  loops  of  force  through  the  iron 
core.  When  the  magnetism  of  the  iron  core  does  not 
respond  to  the  increase  of  current,  the  iron  is  said  to  be 
saturated.  In  a  series-wound  machine  the  magnetic  field, 
in  which  the  armature  revolves,  increases  rapidly  in 
strength  till  the  iron  of  the  field-magnets  is  saturated. 
The  portion  of  the  curve  O  A  shows  the  condition  while 
the  core  is  not  saturated.  An  increase  of  the  current  in 
the  series  coils  after  A  is  reached — that  is,  when  the  iron 
is  saturated — ^has  little  efiect  in  increasing  the  magnetism, 
and  therefore  the  pressure. 

Just  as  we  have  drawn  the  characteristic  between 
pressure  and  current,  in  the  same  way  characteristics  may 
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be  drawn  between  the  external  resistance  and  the  pressure, 
or  between  resistance  and  current,  or  between  the  speed 
and  current,  or  between  the  speed  and  pressure.  In 
general,  however,  characteristics  involving  changes  in 
speed  are  less  useful,  though  often  very  instructive,  than 
the  other  characteristics,  for  most  engineers  consider  the 
question  of  speed  in  its  relation  to  the  mechanical,  rather 
than  the.  electrical,  properties  of  the  machine.  The 
student  cannot  make  himself  too  familiar  with  the  curves, 
and  should  take  every  possible  opportunity  of  plotting 
them  for  himself,  and  compare  the  curves  taken  from  one 
machine  with  those  taken  from  other  similar  machines. 
The  characteristics  must  be  drawn  or  reduced  to  the  same 
scale  before  being  compared.  A  characteristic  curve  can 
be  obtained  for  any  two  varying  quantities  which  depend 
upon  each  other,  and  for  only  two. 

Foucault  Currents. — If  a  conductor  is  brought  into 
a  magnetic  field,  as  we  have  seen  a  current  is  obtained.  If 
a,  conductor  is  moved  about  in  a  field  of  varied  intensity, 
currents,  as  it  were,  ebb  and  flow  in  the  conductor.  A 
piece  of  iron  is  a  conductor,  hence  the  core  of  an  armature 
being  a  conductor  will  have  currents  produced  in  it  when 
revolved  in  the  magnetic  field.  The  direction  of  these 
currents  is  the  same  as  the  useful  currents  in  the  copper 
wire,  and  obey  the  same  laws.  Such  currents  are  not 
useful,  in  fact  are  in  the  armature  core  a  source  of  trouble. 
In  order  to  get  rid  of  them  it  is  usual  to  laminate  the 
core,  that  is,  make  it  up  of  a  large  number  of  thin  discs 
insulated  from  each  other.  This  increases  the  conductive 
resistance  and  reduces  the  current.  As  the  current  is  in 
the  same  direction  as  in  the  copper  wire,  the  lamination 
of  the  core  must  be  at  right  angles  to  the  axis  and  to  the 
copper  wires.     One  of  the  evils  of  not  laminating  the 
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core  is  seen  if  we  recollect  that  C^  R  represents  the 
heating  effect  of  the  current,  and  this  heat  is  not  wanted 
in  the  armature.  These  troublesome  currents  have  been 
called  Foucault  currents.  They  could  be  avoided  by 
making  the  core  of  wood  or  other  non-conductor,  but  we 
have  seen  how  necessary  the  iron  is  in  the  magnetic  circuit, 
so  iron  is  used,  but  laminated  to  reduce  the  evil  to  a 
minimum. 

Shunt  Wound  Dynamos. — In  this  dynamo  the 
'current  as  it  leaves  the  armature  is  divided  between  twa 
circuits.  One  of  these  circuits  consist  of  the  wire  wound 
round  the  field-magnets,  the  other  forms  the  external 
circuit.  We  have  seen  that  the  magnetic  field  is  due  to 
the  ampere  turns  upon  the  field-magnet,  that  is,  it  depends 
upon  the  current  through  the  wire  and  the  number  of 
turns  of  wire. 

In  a  series  machine  any  alteration  in  the  resistance  of 
the  external  circuit  causes  an  alteration  in  the  current 
which  goes  through  the  coils  of  the  field-magnet.  If  the 
resistance  is  increased  the  current  is  decreased,  hence  the 
the  ampere  turns  are  lower,  and  the  field  is  lessened  in 
intensity,  so  making  it  more  difficult  for  the  armature 
to  generate  sufficient  pressure  to  overcome  the  resistance. 
Sometimes  when  the  resistance  of  the  circuit  is  too  large, 
a  series  machine  will  not  excite,  that  is,  it  will  not  generate 
pressure  and  current  to  energise  the  field-magnets.  It 
ought  to  have  been  stated  that  there  almost  always 
remains  a  little  residual  magnetism  in  the  magnets,  that 
is,  a  few  lines  of  force  remain  though  the  machine  be  at 
rest  and  no  current  round  the  magnet  coils.  This  residual 
field,  is  what  first  acts  upon  the  revolving  armature,  and 
the  current  thus  obtained  going  through  the  field-magnet 
coils  increases  the  field.     Another  disadvantage   of   the 
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series  machine  is  that  it  has  an  unhappy  knack  of 
occasionally  reversing  its  poles,  which  defect  militates 
against  its  use  in  various  branches  of  industry  and 
especially  in  electro  depositing  work  or  in  charging 
accumulators. 

Let  us  examine  how  the  total  resistance  of  the  shunt 
wound  machine  circuit  is  obtained. 

Let  Ra  =  armature  resistance. 

Rj  =  field-magnet  coils  resistance. 
Rg  =  external  circuit  resistance. 

As  Rj  and  R2  are  in  multiple  arc,  their  total  resistance  is 

Rj   Rg 

and  the  total  resistance  R  =  Ra  +  p  ^ ,  p  • 

The  shunt  machine  is  represented  in  Fig.  102.  The 
current  from  +  brush  divides  inversely  as  the  resistance 
Rj  and  R2  represented  by  the  thin  and  thick  lines,  and 
so  long  as  the  pressure  at  the  +  brush  is  constant,  any 
alterations  of  the  resistance  R2  will  not  affect  the  current 
in  the  coils  R^.  This  may  be  better  understood  by  refer- 
ence to  a  cistern  of  water  in  which  the  water  is  always 
kept  at  the  same  level.  Suppose  there  are  two  pipes,  A 
and  B  to  draw  water  from  this  cistern.  If  the  tap  of  pipe 
A  be  opened  alone,  we  get  a  certain  quantity  of  water  per 
second  through  the  pipe,  and  this  quantity  will  not  be 
perceptibly  affected  when  the  tap  of  pipe  B  is  opened. 
Each  delivers  its  own  constant  quantity,  provided  the  level, 
that  is  the  pressure  is  constant.  If  the  pipes  A  and  B  are 
equal  in  all  respects  they  will  deliver  equal  quantities  in 
equal  times.     So  with  shunt,  branch,  or  multiple  arc  cir- 
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cuits  in  electricity.     If  the  electromotive  force  or  pressure 
is  constant  the  adding  of  a  second  circuit  or  the  alteration 


..../ 
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of  a  second  circuit  makes  no  perceptible  difference  to  the 
current  in  the  first.  It  will  be  seen,  however,  from  an 
examination  of  the  characteristic  that  the  armature  resis- 
tance  exerts  an  influence  and  has  to  be  considered. 

To  obtain  a  required  field  theoretically  we  have  only  to 
consider  the  product  amperes  x  turns,  and  resistance  of  the 
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circuit ;  but  practically,  expense  and  mechanical  consider- 
ations must  be  considered.  In  a  series  machine  the 
required  field  is  obtained  with  more  amperes  and  less 
turns;  in  a  shunt  machine  we  get  more  turns  and  less 
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amperes.  Theoretically,  ten  amperes  and  two  turns  are  the 
same  as  two  amperes  and  ten  turns.  Less  amperes  and 
more  turns  means  greater  expense  of  wire  and  for  labour. 
Characteristic  of  Shunt  Dynamo. — The  curves 
which  give  what  may  be  termed  the  external  characteristic 
of  a  shunt  machine  are  altogether  different  from  those  of 
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a  series  machine,  though  the  characteristic  of  the  shunt 
circuit  is  similar  to  that  of  the  external  characteristic  of  a 
series  dynamo.  When  the  external  circuit  of  a  shunt 
machine  is  open,  the  whole  current  goes  through  the 
shunt  coils,  the  field-magnets  are  excited  to  their  highest 
pitch,  and  we  get  maximum  pressure.  The  general 
external  characteristic  for  current  and  pressure  of  a  shunt 
machine  with  different  resistances  in  the  external  circuity 
is  shown  in  Fig.  103.  Let  O  X  represent  current,  and 
O  Y  pressure.  Starting  with  external  circuit  open  the 
machine  gives  its  maximum  pressure  O  E  and  no  current. 
Putting  a  very  large  resistance  between  the  terminals  and 
gradually  reducing  it,  we  get  more  and  more  current  with 
pressure  falling.  It  will  be  seen  the  first  part  of  the 
curve  E  A  B  C  O  is  almost  a  straight  line,  and  in  this 
part  of  the  curve  the  fall  of  pressure  is  proportional  to- 
the  current  as  the  resistance  decreases.  At  A  the  pressure 
commences  to  fall  more  rapidly,  and  at  B  still  more 
rapidly,  till  at  C  the  maximum  current  is  reached. 

If  we  decrease  the  resistance  past  C  continuously  till 
the  machine  is  short-circuited,  the  pressure  and  the 
current  both  fall  till,  when  short-circuited,  both  are  at 
zero.  The  curve  shows  graphically  what  is  known  to  all 
after  a  moment's  thought,  that  maximum  pressure  is,  when 
all  the  current  goes  to  excite  the  field-magnets  and  no 
current  to  the  external  or  working  circuit ;  that  when  no 
current  goes  into  the  shunt  circuit,  there  is  no  field,  and 
consequently  no  pressure  and  no  current.  This  happen* 
when  the  machine  is  short-circuited.  The  curve  shows 
there  is  a  maximum  current  =  O  C^,  and  if  the  armature 
will  stand  this  maximum  current  no  alteration  of  the 
external  circuit  will  injure  the  machine.  In  practice, 
however,  no  one  runs  a  shunt  machine  between  C  and  O — 
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it  would  be  uneconomical.  The  best  machines  would  be 
limited  to  a  part  of  E  A  B.  If  any  part  of  E  A  B  was 
perfectly  straight,  then  the  current  might  be  varied  at 
will  within  the  limits  of  that  straight  part  without  alter- 


CURREISIT 

Fig.  104. 


ation  of  pressure.  The  inclination  of  E  A  B  is  due  to  the 
resistance  of  the  armature,  some  part  of  the  pressure  being 
used  to  overcome  this  resistance.  If  the  armature  had  no 
resistance  a  portion  of  the  curve,  say  E  A,  would  be  hori- 
zontal, and  then  we  could  have  current  varying,  as 
mentioned  before,  with  constant  pressure. 
The  Compound  Wound  Machine. — An  examination 


150  The  First  Principles  of 

of  the  characteristics  of  the  series  and  shunt  machines 
shows  that  in  the  one  case  pressure  rises,  where  in  the  other 
it  falls.  It  seemed  probable  then  that  a  combination  of 
the  two  might  keep  the  pressure  constant.  The  compound 
machine  then,  is  one  that  is  wound  partly  in  series  and 
partly  in  shunt,  so  that  the  characteristic  shall  be  as- 
straight  as  possible  in  that  portion  which  may  be  termed 
the  working  portion.  The  characteristic  of  the  compound 
machine  will  be  a  combination  of  the  characteristic — the 
resultant  characteristic — of  the  series  and  shunt  machines. 
In  Fig.  104,  let  OB  represent  the  rise  of  pressure  due  to 
the  series  coils,  and  E  A  the  fall  of  pressure  due  to  the 
shunt  coils.  If  O  B  rises  in  the  exact  proportion  as 
E  A  falls,  the  pressure  will  be  represented  by  the  straight 
horizontal  line  E  A,  and  up  to  the  point  where  this  hori- 
zontal line  begins  to  fall  the  current  can  vary  without 
variation  of  pressure.  It  can  be  shown  that  a  compound 
machine  should  only  be  used  in  this  straight  portion,  also 
that  the  dropping  curve  is  due  principally  to  saturation,  so 
that  we  again  see  that  such  a  machine  should  not  run 
below  the  saturation  point. 

Efficiency. — It  is  found  in  practice  that  so  far  as  small 
machines  are  concerned,  the  ring  or  Gramme  form  of 
armature  is  eflficient,  but  in  large  machines  and  when  the 
length  of  armature  is  considerable,  these  armatures  are 
unsatisfactory.  It  is  often  found  that  the  inside  coils  get 
very  hot  while  the  outside  coils  are  fairly  cool.  This  heat 
means  not  only  lost  energy,  but  it  leads  to  the  heating  of 
the  spindle  and  bearings.  A  partial  remedy  is  found  in 
blowing  cold  air  through  the  armature,  but  such  a  remedy 
is  unsatisfactory  because  it  means  increasing  the  waste^ 
for  however  little  energy  is  consumed,  some  must  be — in 
driving  the  required  air.     Hence  for  this  as  well  as  for 
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other  regions  the  drum  or  cylinder  type  of  armature  is 
that  mostly  used  for  large  machines.  It  may  be  interesting 
to  the  reader  to  know  that  a  combined  efficiency,  that  is  the 
combined  efficiencies  of  engine  and  dynamo,  of  86  per  cent, 
has  been  obtained  in  several  instances.  Tests  with  a  Willans 
engine  and  a  Crompton  dynamo,  also  with  a  Willans  engine 
and  a  Hopkinson  dynamo  have  both  given  slightly  greater 
efficiency  than  this.  In  such  cases  it  must  be  taken  that 
the  dynamo  alone  has  a  commercial  efficiency  of  at  least 
96  per  cent.  When,  then,  we  have  a  piece  of  apparatus  so 
efficient  there  does  not  seem  to  be  room  for  vital  improve- 
ments. Further,  in  trials  at  the  maker's  works  it  should 
be  comparatively  easy  to  obtain  one  Board  of  Trade  unit, 
that  is  1,000  Watts,  by  the  consumption  of  between  4*5 
and  51bs  of  coal  in  the  furnace  of  the  boiler.  To  obtain 
this  result,  all  parts  of  the  combination  must  be  about  as 
perfect  as  they  are  made.  At  the  present  time  then,  we 
may  take  it  that  the  minimum  coal  required  to  provide  one 
Board  of  Trade  unit  in  the  working  part  of  the  circuit,  is 
4 '5  lbs.  For  many  reasons  this  minimum  is  not  approached 
in  practice.  In  the  first  place  the  stoking  is  far  from 
perfect,  many  of  the  boilers  that  have  been  adopted  in 
electric  lighting  are  not  adapted  for  the  work,  worst  of  all 
the  load  upon  the  engine  is  far  from  constant,  and  great 
efficiency  of  dynamo  or  engine  under  such  conditions  is  at 
present  unobtainable. 

Alternate  Current  Machines. — Soon  after  Faraday's 
discovery  in  1831  of  the  interaction  between  magnetic 
and  conductive  circuits,  the  apparatus  used  in  the 
experiments  being  really  the  first  alternator;  such  machines 
were  commercially  introduced  by  Pixii,  Clarke,  and  others. 

There  are   certain    phenomena   more   pronounced   for 
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good  or  evil  in  alternate-current  machines  than  in  direct- 
current,  hence  these  phenomena  must  now  have  attention. 

Self-induction  or  Inductance. — The  term  is  a  most 
unhappy  one,  but  as  it  is  in  constant  use  must  be  left 
rather  than  coin  a  new  one.  We  have  seen  that  when  a 
current  is  set  up  in  a  wire  the  observed  phenomena  are 
twofold:  (1)  the  internal  action;  (2)  the  external  action. 
The  latter  produces  the  field  around  the  conductor,  and 
has  been  conventionally  attributed  to  concentric  loops  of 
force.  Experiment  shows  that  the  full  effect  of  a  current 
in  producing  a  field  is  not  instantaneous,  the  maximum 
effect  is  gradual,  and  when  a  current  is  broken  the 
diminution  of  effect  is  also  gradual  and  not  instantaneous. 
We  should  prefer  the  number  of  loops  of  force  around  a 
wire  to  be  taken  as  the  value  of  the  decrease  of  pressure, 
but  using  the  ordinary  notation  as  marking  the  value  of 
the  increase  of  pressure  the  fluctuations  of  number  of 
lines  around  any  point  in  a  single  conductor  may  be 
briefly  considered. 

Let  A  B  be  a  conductor  carrying  current  from  A  towards 
B. 

A B 

> 

The  pressure  at  A  is  assumed  greater  than  at  B.  This 
pressure  may  be  due  to  the  number  of  lines  of  force  looped 
around  A,  or  to  the  difference  in  the  number  looped 
around  A  and  B. 

Let  the  current  due  to  this  difference  of  pressure  be  re- 
presented by  C.  If  now  the  pressure  at  A  is  decreased  so 
as  to  be  more  nearly  equal  to  that  at  B — which  we  assume 
can  be  done  by  decreasing  the  number  of  lines  looping 
around  A — then  C  will  diminish  to  C^.  The  difference 
between  C  and  Cj,  or  C  —  Cj,  shows  the  value  of  the 
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current  which  would  have  gone  from  B  to  A  if  both  had 
been  at  an  equal  pressure  when  the  pressure  at  A  was 
reduced.  The  increase  of  the  lines  of  force  around  A 
tends,  therefore,  Jto  set  up  an  opposing  current  to  the  original 
current.  Similarly,  the  decrease  of  the  lines  of  force  will 
tend  to  set  up  a  current  in  the  same  direction  as  the 
original  one.  The  action  of  these  currents  is  but 
momentary,  but  it  prevents  any  change  of  pressure 
exercising  an  instantaneous  effect.  This  action  is  termed 
"self-induction."  The  disadvantage  of  self-induction  is 
generally  seen  when  breaking  the  circuit,  the  momentary 
pressure  generated  by  the  collapse  of  the  lines  of  force 
being  often  much  greater  than  that  which  maintains  the 
current.  The  effect  of  self-induction  in  a  single  straight 
wire  is  comparatively  small  to  that  in  coils,  and  especially 
to  that  in  coils  with  iron  cores.  When  wire  is  wound  in 
coils  there  seems  to  be  a  partial  suppression  of  lines ;  but 
in  the  collapse  the  whole  value  of  these  suppressed  lines  is 
added  to  the  momentary  effect,  hence  there  should  be  no 
difficulty  in  seeing  how  it  is  that  the  pressure  of  self- 
induction  may  be  so  much  greater  than  the  maintaining 
pressure.  This  great  pressure  is  frequently  the  means  of 
breaking  down  insulation,  and  damaging  apparatus  that 
would  not  be  injured  by  ordinary  pressure.  The  action 
of  self-induction  hinders  any  sudden  changes  of  current 
in  the  circuit,  so  that  in  circuits  with  much  self-induction 
these  sudden  changes  are  impossible.  The  effect  of  self- 
induction  in  alternators  is  to  retard  the  current  getting  to 
its  maximum  strength ;  it  is  as  if  a  resistance  were  added 
which  the  pressure  takes  time  to  overcome. 

Coefficient  of  Self  Induction. — This  is  symbolised  by 
L  and  is  equal  to  the  number  of  lines  of  force 
embraced  by  the  circuit  uninfluenced  by  any  other  circuit, 
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and  carrying  unit  current.  The  whole  self-induction  in  a 
circuit  with  C  units  of  current  is  L  C.  Some  authors  de- 
fine L  as  equal  to  half  the  number  of  lines  as  above,  but 

L  C 
it  seems  better  to  call  —^ —  the  average  self-induction. 

Ideal   Alternator. — If  we  take  one  complete  coil  of 
wire,  Fig  105,  and  revolve  it  between  the  field-magnet 


Fig.  105. 

poles,  the  whole  of  the  loops  of  force  in  the  area  of  the 
coil  are  looped  around  each  half  of  the  coil  twice  during  a 
complete  revolution,  and  the  current  likewise  has  its 
direction  changed  twice  during  the  revolution.  Suppose 
the  field  uniform,  then  the  number  of  loops  around  either 
half  of  the  coil  will  depend  upon  the  position  of  the  coil. 
When  vertical  as  in  the  figure,  all  the  loops  pass  around 
B  and  none  around  T,  so  that  passing  from  the  position  B 
to  the  position  T,  the  pressure  and  the  current  going  from  a 
maximum  to  a  minimum,  are  then  reversed,  and  similar 
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action  but  of  opposite  sign  takes  place  in  the  other  half 
revolution.  The  working  machine  generally  consists  of  a 
number  of  field-magnet  poles  and  armatures.  Id  some 
cases  the  field-magnets  revolve,  in  others  the  armature  re- 
volves. In  the  Gordon  machine  the  field-magnets  revolve. 
In  one  of  his  machines  he  has  thirty  two  armature  co 
carried  by  a  wrought  iron  wheel.  As  the  field-magnet 
poles  pass  the  soft  iron  poles  of  the  fixed  coils,  the  mag- 
netic loops  encircle  the  coils.  The  consecutive  field- 
magnet  poles  are  of  opposite  polarity,  so  that  the  current 
in  the  coil  is  reversed  at  each  successive  magnet  pole,  or 
32  times  in  each  revolution.  There  are  about  150 
revolutions  per  minute,  so  that  the  number  of  reversals  per 
minute  is  32  x  150  =  4,800,  This  is  but  a  moderate 
total,  some  makers  going  to  three  or  four  times  this 
number. 

Variation  of  Pressure  in  Coil. — A  previous  in- 
vestigation has  shown  that  the  pressure  obtained  depends 
upon  the  number  of  lines  of  force  per  second  looped  round 
the  conductor.  It  is  easy  to  show  that  the  number  of 
lines  looping  the  wires  of  the  coil  varies  with  the  position 
of  the  coil,  being  fewest,  practically  none,  when  the  coil  is 
parallel  with  the  lines,  and  largest  when  at  right  angles  to 
the  lines.  We  assume  the  field  to  be  uniform.  When  the 
rectangular  coil  is  in  the  position  A  B,  Fig.  106,  the 
greatest  number  of  lines  are  enclosed,  when  in  the  position 
C  D  the  least  number.  Suppose  the  coil  to  be  in  a  position 
E  F,  making  the  angle  E  O  C  between  E  O  O  C.  If  E  F 
is  projected  upon  A  B  the  projected  line  cuts  off  a  part 
GH. 

Whatever  be  the  ratio  between  G  H  and  A  B  this  will 
give  the  ratio  between  the  number  of  lines  looped  in  the 
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new  position  to  the  maximum  number  looped. 

But  the  ratio  of  G  H  to  A  B  is  the  same  as  the  ratio 


^JLto-A^  that  is,  as  G  O  to  A  O. 

But  G  O  =  E  K. 
And  A  O  =  E  O. 


therefore 


GO  _  GO 
AO       EO 


=  Cos.  EOA  =  Sin.  EOC 


for  E  0  C  =  90°  -  E  O  A. 


This  shows  that  the  number  of  lines  enclosed  will  vary 
as  the  sine  of  the  angle  between  the  line  showing  position 
of  the  coil  when  parallel  with  the  lines  of  force,  and  the 
position  at  the  moment ;  or  it  varies  as  the  cosine  of  the 
angle  between  the  line  of  maximum  force,  and  the  line  of 
the  position  at  the  moment. 

The  pressure  is  determined  by  the  number  of  lines 
looped  per  second,  and  for  simplicity  we  consider  the 
half   loop   B   shown  in   Fig.   105,  rectangular   in  shape. 
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Let  F  =  intensity  of  lines  per  unit  area. 

1  =  length  of  loop, 

b  =  breadth  of  loop, 

then  area  of  loop  =  1  b, 

and  number  of  lines  in  1  b  =  F 1  b. 

The   loop   encloses   this   number   of   lines  twice  in  a 

revolution, 

therefore  if  N  is  total  number  enclosed  per  revolution, 

N  =  2Flb. 

If  the  loop  makes  r  revolutions  per  second, 

total  number  of  lines  looped  per  second  =  2  r  F 1  b 

therefore  E  =  2 r Fib 

,     ^      2rFlb 
or  in  volts  iL  =  — r-^p — 

Put  N  for  2  F 1  b  and  this  becomes 

r  N  r  Z 

E  =  ~^r^i  in  English  measure  E  =  y^g- 

With  T  loops  instead  of  the  one 

we  get  E  =  —T7\r )  in  English  measure  E  =    -.^.^ 

If  instead  of  one  reversal  per  revolution,  or  a  frequency 
of  one,  the  frequency  is  n  per  second — that  is,  n  complete 
periods  per  second — then 

rn  N  T  ?•  n  Z  T 


E  = 


108        ^^         106 


The   pressure   at   any   moment    will    depend    upon    the 

position  of  the  loop — that  is,  upon  the  angle  a — and  this 

is  found  by 

'    rn  N  T  ^.  ^     rn  Z  T   ^. 

E=      -^Q8       Sin.  a,    or  E=      ^^^      Sin.  a 


168  The  First  Principles  of 

It  can  be  shown  that  the  average  pressure  or  electro- 
motive force  will  be 

E=2rZT 

when  T  represents  the  number  of  turns  of  wire  forming 
the  rectangular  coil,  the  turns  being  wound  and  counted 
on  both  sides  and  insulated  from  each  other — that  is, 
the  electromotive  forces  in  both  branches  of  the  coil  are 
added. 

As  the  armature  of  continuous  current  machines  is  in 
multiple  arc,  similar  machines  containing  the  same 
materials,  wound — one  for  alternate  current,  the  other  for 
continuous — would  differ,  in  that  the  pressure  in  the 
former  would  be  theoretically  more  than  double  that  of 
the  latter,  while  the  current  in  the  armature  of  the  latter 
would  be  double  of  the  former  with  same  density  in  each 
armature ;  so  that  the  output  of  the  alternator  would  not 
be  theoretically  greatly  in  excess  of  the  continuous-current 
machine — (about  12  per  cent,  according  to  Mr.  Kapp). 

An  alternator  requires  a  separate  machine  to  excite  its 
field-magnets ;  and  here  again  it  differs  from  the  continuous- 
current  machines,  the  field-magnets  of  which  are  excited 
by  currents  from  their  own  armatures. 

Transformers. — The  main  reason  for  employing  alter- 
nators in  industrial  operations  is  that  the  distribution  of 
electrical  energy  under  high  pressure  is  more  economical 
when  long  distances  are  concerned,  than  is  distribution 
under  low  pressure.  In  the  use  of  the  high  pressure 
system,  means  have  to  be  adopted  at  the  points  of  using  the 
energy,  to  transform  the  dangerous  high  pressure  to  safer 
low  pressure.  In  other  words,  the  energy  is  conveyed 
over  long  distances  at  high  pressure  because  of  cheapness. 
The  pressure  is   reduced   to  the   working  limit   at   the 
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necessary  points  by  means  of  "  transformers."  This  name 
s  given  to  an  apparatus  which  is  really  but  a  modified 
dynamo,  perhaps  it  would  be  better  to  say  a  modified 
alternator ;  in  fact  it  is  the  simplest  form  of  alternator,  and 
in  a  measure,  the  most  efficient.  In  the  alternator  with 
fixed  armature  and  moving  field,  the  lines  of  force  of 
the  successive  fields  are  looped  round  the  armature 
coils.     There   is    no   necessity    to    revolve    either    field- 


FiG.  107. 

magnets  or  armatures,  for  if  both  are  stationary,  as  in 
the  transformer,  and  properly  placed,  the  making  or 
breaking  of  the  current  from  the  generating  machine 
gives  us  alternate  currents  in  the  working  circuit  of  the 
transformer.  To  obtain  a  satisfactory  result,  the  resistance 
of  the  magnetic  circuit  of  the  transformer  must  be  very 
small.  Faraday's  original  transformer  consisted  of  an 
ron  ring  upon  which  was  wound  two  coils  of  wire.  Fig  107, 
A.  called  the  primary,  and  B  called  the  secondary  coil. 
Faraday  found  that  on  sending  a  current  through  the  coil 
A,  he  obtained  a  momentary  current  in  coil  B,  and  on 
breaking  the  current  of  coil  A,  he  got  a  momentary  current, 
but  reversed  in  direction  to  the  previous  current  in  the 
coil  B. 

We  have  shown : 

1.  That  a  current  in  a  coil  around  a  closed  iron  core 
generates  magnetic  lines;  by  far  the  greater  number  of  lines 
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pass — we  may  assume  for  simplicity  that  all  pass — around 
the  core,  because  of  its  small  magnetic  resistance. 

2.  That  the  electrical  pressure  generated  in  a  conductor 
is  due  to  the  number  of  magnetic  loops  encircled  around  it 
per  second. 

3.  That  the  current  in  B  is  but  momentary,  and  appears 
only  where  the  current  in  A  is  made,  broken  or  varied. 

If  the  current  in  A  be  that  obtained  from  an  alternator, 
it  varies  from  a  minimum  to  a  maximum,  back  again, 
then  changes  sign  and  varies  similarly  through  that  sign  to 
the  starting  point. 

The  current  in  A  being  thus  varied,  the  current  in  B 
will  be  similarly  varied,  but  will  always  be  opposite  in  sign 
to  that  in  A. 

It  is  easy  to  see  why  this  should  be  so.  The  number  of 
lines  due  to  the  action  of  the  current  through  A  will  vary 
as  the  current,  increase  and  decrease  with  it,  change  sign, 
increase  and  decrease  again  just  as  the  current  does,  and 
these  lines  loop  the  coils  of  B,  causing  the  pressure  and 
current  therein  when  the  circuit  is  closed. 

A  little  consideration  will  show  that  as  the  currents  in 
A  and  B  are  of  opposite  sign,  the  tendency  of  the  current 
in  B  will  be  to  magnetise  the  core  oppositely  to  the  mag- 
netism due  to  A.     The  total  or  resultant  magnetising  force 

IS ^   ^^ — ^  where  the  proper  signs    +    or    - 

must  be  given  to  the  currents  Ca  and  Cb.  This  opposition 
magnetism  is  greatest  when  the  secondary  circuit  is  doing 
full  work,  because  then  the  difference  of  phase  in  the 
opposite  currents  is  least,  that  is,  the  current  of  opposite 
sign  in  the  secondary  is  almost  at  its  maximum  when  the 
current  in  the  primary  is  at  its  maximum. 
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In  order  to  know  the  interactions,  we  must  first  know 

the  current  in  A ;  also  the  number  of  turns  of  wire  around 

the  core  of  A. 

-rrr  1  ,      -^x      ^  •         «.  n  amDcre  turns 

We  know  that  No.  of  ines  of  force  = r^ ^-7 

magnetic  resistance 

=  — Tq^ —  ^^d  *^**  tli6  pressure  in  B  is  due  to  the  num- 
ber of  turns  of  B,  and  the  number  of  lines  per  second 
looping  these  turns. 

Modern  Transformers  are  Improvements  upon 
Faraday's.  As  a  rule  the  primary  and  secondary  circuits 
are  wound  one  on  the  other  around  the  same  core.  It 
will  be  gathered  that  the  transformer  must  be  so  designed 
hat  the  core  at  any  rate  is  not  saturated  at  anything 
under  the  maximum  current  in  the  primary.  Nor  must  the 
heating  effect  be  neglected.  In  fact  the  question  of  heat 
almost  or  quite  decides  the  whole  question  of  design.  We 
have  said  the  duty  of  the  transformer  is  to  change  a  small 
current  of  high  pressure  to  a  larger  current  at  low  pressure. 
Thus  a  current  of  1  ampere  at  10,000  volts  sent  through  a 
transformer  having  20  times  as  many  turns  on  its  primary 
as  on  its  secondary,  will  be  transformed  to  20  amperes 
at  500  volts.  A  frequent  transformation  is  from  a  main 
current  at  2,000  volts,  to  a  working  current  at  100  volts. 
Mr.  Ferranti,  however,  proposes  to  have  a  main  current 
at  10,000  volts  and  to  transform  this  down  twice,  the  first 
time  to  2,000  volts  and  then  to  100  volts. 

Motors. — By  far  the  most  important  work  in  electrical 
engineering  is  that  connected  with  the  transmission  of 
power,  though  at  present  it  is  almost  a  virgin  field.  It 
has  long  been  known  that  a  dynamo  is  a  reversible  machine, 
that  is,^  when  rotating  the  armature  in  a  magnetic  field  by 
applying  mechanical  energy,  we  obtain  electrical  energy 

M 
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from  the  armature;  on  the  other  hand,  by  applying 
electrical  energy  to  the  armature  in  a  magnetic  field,  we 
cause  it  to  rotate  and  so  obtain  mechanical  energy.  This  ap- 
plies more  especially  to  the  direct  current  dynamo,  and 
many  tyx^es  are  made  to  be  used  only  as  motors.  The 
alternator  is  also  reversible,  but  at  present  has  not  been 
brought  to  the  same  perfection,  nor  used  to  the  same  extent 
as  the  continuous  current  motor. 

Referring  once  more  to  Fig.  105,  instead  of  rotating  the 
coil  in  a  uniform  field  let  us  suppose  a  current  sent  through 
the  coil,  and  for  simplicity  the  magnet-field  to  be  excited 
from  a  separate  source.     In  the  former  case  that  length  of 
coil  was  active  which  was  looped  by  lines  of  force,  and  the 
same  length  of  coil  will  in  the  case  just  supposed,  be  active 
in  the  interactions  between  the  conductive  and  the  mag- 
netic circuits.     We  have  shown  that  the  two  fields  can 
only  be  brought  into  the  same  space  by  an  expenditure  of 
energy,  and  that  there  is  a  seeming  repulsion  when  one 
field  is  brought  within  the  influence  of  the  other,  or  if  in 
the  field,  caBr-enly  be-  kept-there  by  an  ©x^^enditure  of 
energy.     The  mechanical  force  W  that  would  be  necessary 
to  keep  the  conductor  stationary  in  the  field  when  the 
conductor  is  at  right  angles  to  the  lines  of  force  of  the  field 
can  be  shown  to  be  equal  to  the  product  of  the  length  of 
conductor,  the  current  in  the  conductor  and  the  intensity 
of  the  lines  of  force  of  the  field  looping  the  conductor  per 
unit  length. 

If  L  =  length  of  conductor,  C  =  current,  and  I  —  in- 
tensity of  field,  then  W  =  I  C  L. 

From  this  it  may  be  gathered  that  the  greatest  turning 
moment  of  a  motor,  the  statical  moment  or  as  it  is  called 
torque  is  when  it  has  the  greatest  current  through  the 
coils.     This  is  when  it  is  at  rest,  and  is  in  many  cases 
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just  tlie  time  when  it  is  wanted.  A  motor  driving  a  tram- 
car,  or  a  piece  of  machinery  requires  to  exert  a  greater 
pull  at  the  moment  of  starting  to  overcome  inertia  than 
when  the  car  or  machinery  is  in  motion.  Few  motors 
are  constructed,  however,  to  carry  so  large  current  during 
more  than  a  very  short  period  of  time. 

The  length  of  active  conductor  in  a  motor  armature 
similar  to  a  Gramme  ring  may  be  taken  as  equal  to  the 
length  of  the  armature  multiplied  by  the  number  of  turns 
of  wire  all  round.  This  is  not  quite  exact  because  the 
field-magnet  lines  loop  the  outside  wires  in  one  half  the 
armature  and  the  inside  coils  in  the  other  half.     The  wire 

M 
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Fig,   108, 

in  the  turns  at  the  ends  being  more  or  less  inactive  and 
useful  only  as  conductively  connecting  the  various  lengths 
of  active  wire. 

If  the  conductor  be  allowed  to  move  it  will  rotate  in  the 
field  in  such  a  direction  as  under  the  action  of  the  field 
there  will  be  generated  in  the  conductor  a  pressure  or 
electro-motive  force  in  opposition  to  the  pressure  which 
causes  the  original  current  in  the  coil.  Instead  of  a  single 
coil  the  armature  coils  consist  of  a  number  of  turns, 
increasing  the  length  of  conductor  acted  upon,  and  thus 
increasing  the  action. 

Let  G  and  M  Fig.  108,  represent  generating  dynamo  and 
motor.  When  the  armature  of  G  is  revolved  at  a  constant 
speed  in  a  constant  field  a  certain  pressure  E  is  obtained. 

M  2 
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This  causes  a  current  to  flow  through  the  circuit,  which  we 
suppose  to  consist  of  the  connecting  wires  and  the  armature 
of  M.  When  the  current  from  Q  passes  through  the  armature 
of  M,  that  armature  revolves  in  a  direction  opposite  to  the 
direction  of  the  revolution  of  G,  and  this  generates  a  pres- 
sure E,  which,  as  it  were,  is  a  pressure  acting  in  opposition 
to  e.  This  pressure  is  frequently  termed  the  counter 
electromotive  force  or  counter  pressure,  and  the  efficiency 
of  the  motor  is  known  by  the  ratio  of  e  to  E. 

^„  .  -  counter-electromotive  force       e 

Efficiency  of  motor— 1 \ — 7 t- — 5 =  -i=r 

•'  generator-electromotive  lorce       E 

for  we  know  that  the  energy  of  a  circuit  W  =  C  E  or  -5- 

XV 

E2 

If  W  =  energy  due  to  generator  W  =  ^5— 

e2 
w  =     „         „     „     motor       w  =  ^ 

•m  _ 

whence  w  :  W  :    :     e  :  E  or  t?^    == 

W  E 

The  efficiency  might  just  as  well  be  expressed  in  terms  of 
the  current,  for,  taking  the  resistance  as  constant,  the  cur- 
rent through  the  armature  at  rest  will  bear  the  same 
proportion  to  the  current  which  would  result  from  the 
counter  pressure  as  the  main  pressure  does  to  the  counter 
pressure,  Thus  if  C  =  current  through  R  due  to  e :  and 
G  =  current  through  R  due  to  E. 

then  c  =  e  R 

and  C  =  E  R 

whence  ^=-L-^JL 
C       E        W 

The  efficiency  of  a  motor  may  therefore  be  as  large  as 
we  please.    Till  recently  many  writers  confounded  efficiency 
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with  maximum  rate  of  doing  work.  The  latter  obtains 
when  the  counter  pressure  is  one  half  the  main  pressure, 
which  means  that  the  efficiency  of  a  motor  is  only  50  per 
cent  when  it  does  its  work  at  the  maximum  rate.  To  get 
greater  efficiency,  then,  its  work  must  be  done  more 
slowly. 


OHAPTER  V. 

DISTRIBUTION. 

When  the  electrical  energy  has  been  obtained  at  the 
terminals  of  the  dynamo  or  alternator,  it  has  to  be 
conducted  to  the  point  or  points  where  it  is  to  be  utilised. 
This  may  be  done  in  a  variety  of  ways  : 

1.  It  may  be  sent  direct  into  a  series  circuit. 

2.  It  may  be  sent  direct  into  a  multiple  arc  circuit. 

(1,  &  2.  A  modification  of  one  and  two,  is  the  multiple 
series  system.) 

3.  It  may  be  sent  direct  into  a  circuit  on  the  three  wire 
system. 

4.  It  may  be  sent  direct  into  a  net-work  circuit  and  so 
CO  supply  light  or  energy. 

5.  It  may  be  used  to  produce  chemical  action  in  second- 
ary batteries  and  subsequently  this  chemical  action  be 
reversed  to  give  back  the  electrical  energy. 

6.  It  may  be  used  by  means  of  a  high  pressure  system 
and  transformers. 
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7.  The  transformers  may  be  sparsely  used  to  transform 
for  whole  districts  or  may  be  used  in  every  house,  etc.  etc. 

So  far  as  the  conductors  are  concerned  however,  they 
are  ultimately  reducible  to  one  or  other  of  the  first  four. 

Series  Circuit.  This  is  perhaps  the  simplest  case. 
The  external  circuit  consists  of  only  one  conductor,  or 
conductors  in  series,  as  in  Fig  lOS,  when  D  represents  the 
dynamo  and  LL  represents  lamps.  The  total  resistance  of 
the  circuit  is  necessarily  large  and  therefore  the  pressure 
produced  by  the  dynamo  must  be  large. 


Fig.  109.  Fig.  110. 

One  great  objection  to  this  method  is  that  any  alteration 
in  resistance  to  one  part  of  the  circuit  affects  the  whole 
circuit,  and  an  accidental  breaking  of  the  circuit  means 
complete  stoppage  of  the  current  throughout. 

Parallel  Circuit. — The  introduction  of  incandescent 
lamps  into  electric  lighting  necessitated  the  use  of 
the  parallel  system,  for  while  it  was  possible  and 
practical  to  arrange  for  the  continuance  of  current  through 
the  other  arc  lamps  in  a  series  circuit  when  one  went 
wrong,  it  was  not  practicable  to  so  arrange  with  incan- 
descent lamps.  Hence  arose  the  arrangement  as  in  Fig  110. 
This  arrangement  means  a  low  external  resistance,  and 
therefore  requires  dynamos  of  a  different  kind  to  those  for 
use  with  a  series  circuit.  But  in  large  installations,  where 
incandescent   lamps   are   mostly   used,    neither   of    these 
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primitive  methods  are  adopted.  Werderman  first  suggested 
and  Brush  subsequently  used  the  multiple  series  method 
which  may  be  illustrated  as  in  Figs.  111-112.     The  calcu- 


FiG.  Ill, 


Fig.  112, 


iations  to  find  the  total  resistance  of  the  circuits  of  either 
of  these  methods  have  been  given  in  previous  chapters. 
Dr.  Hopkinson  on  this  side  the  Atlantic,  and  Mr  Edison 


Fig.  113. 

on  the  other,  about  the  same  time  suggested  a  modification 
of  the  simple  parallel  system,  for  the  express  purpose  of 
saving  a  part  of  the  copper  in  the  conductors.  This  is  termed 
the  three  wire  system,  and  a  fairly  complete  exposition  of 
this  system,   with  what  has  been  said  previously  about 
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^* series"  and  "parallel"  systems  will  enable  the  student 
to  understand  most  of  the  practice  of  to-day. 

Three  Wire  System. — Let  A.  Fig.  113,  represent  a 
reservoir  of  water,  D  a  pump,  B  a  second  reservoir,  E  a 
pump,  C  another  reservoir,  F,  G,  H,  channels  or  pipes  to 
water  wheels.  Suppose  D  lifts  water  from  A  to  B,  say  10 
feet,  and  "E  from  B  to  G,  also  10  feet,   each  wheel  is 


Q     -- 


Fig.   114. 


operated  by  water  having  the  same  head  or  pressure.  If 
the  wheels  are  arranged  as  in  Fig.  113,  the  discharge  from  G 
through  the  three  wheels  by  F  partly  finds  its  way  by  the 
channel  G  by  the  two  wheels  at  K,  and  parti/  back  to  the 
reservoir  B.  It  is  the  difference  used  by  3  wheels  and  by 
2  wheels  that  finds  its  way  back  by  G  to  B.  The  arrows 
show  the  direction  of  the  flow.  In  Fig.  114,  where  the  num- 
ber of  wheels  is  reversed,  G  still  carries  the  difference,, 
though  the  wheels  are  differently  arranged.  A  slight 
examination  of  these  diagrams  also  shows  that  in  the  first 
case  the  pump  E  has  to  do  more  work  than  D ;  in  the 
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second  case  D  does  more  work  than  E,  The  analogy 
between  water  and  electricity  is  by  no  means  perfect.  It 
is  used  only  to  show  that  the  flow  to  or  from  B  is  usually 
a  difference,  and  not  equal  to  the  flow  to  or  from  A  and  C. 
Suppose  we  have  two  dynamos  A  and  B  Fig.  115,  coupled 
in  series,  that  is  the  +  terminal  of  one  dynamo  to  the  — 
terminal  of  the  other,  the  other  terminals  of  the  dynamos 


m'>    gri 
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Fig.  115. 


being  connected  to  the  line  wires  Now  run  a  third  wire 
from  any  point  on  the  conductor  s  connecting  the 
dynamos.  The  positive  terminal  of  the  combination  is  at 
r,  the  negative  at  t,  the  third  wire  being  +  to  A  and  —  to 
B.  If  the  ordinary  press  are  of  A  =  100  volts  and  of 
B  —  100  volts,  then  the  combined  pressure  =  200  volts 
r  the  difference  of  pressure  between  r  and  t  =  200  volts 
ut  the  difference  of  pressure  between  either  of  the  mains 
and  the  third  wire  is  still  100  volts,  just  enough  for  the 
100  volt  lamp.  If  such  a  lamp  is  inserted  at  c,  then  the 
dynamo  A  will  be  doing  work,  and  the  return  current  is 
through  s  to  the  terminal.     If  the  lamp  g  is  inserted,  then 
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B  does  work.  If  both  c  and  g  be  inserted,  or  k  and  w, 
or  h  and  i,  then  the  double  pressure  acts  as  if  there  were 
no  third  wire.  So  long  as  the  number  of  lamps  on  the 
one  side  is  the  same  as  the  number  on  the  other,  the  third 
wire  does  not  come  into  play  and  we  may  look  upon  the 
lamps  as  arranged  in  multiple  series.  If,  however,  the 
number  of  lamps  on  one  side  exceeds  that  on  the  other,  a 
current  will  flow  through  the  third  wire  to  or  from  the 
machine  carrying  the  heavier  load.  This  current,  then,  is 
a  difference,  just  as  the  water  flow  was  a  difference.  If 
now  instead  of  two  dynamos  in  series — each,  however, 
feeding  lamps  at  its  own  pressure — we  had  two  dynamos 
feeding  two  separate  circuits,  four  wires  would  be  required 
instead  of  the  three  as  here  shown,  and  each  of  these  four 
wires  would  have  to  carry  the  full  current.  Again  the 
current  would  be  smaller  with  the  higher  pressure,  so  that 
smaller  conductors  can  be  used  for  the  mains  on  the 
three  wire  system  than  can  be  used  on  the  separate 
parallel  system.  For  suppose  in  the  parallel  system 
we  have    lamps   of    100   ohms   resistance    at   c   and    k 

100  ^'-*' 

The  jomt  resistance  is  —^  =  50,  and 

O  _   1-  100  _ 

That  is,  the  dynamo  A  supplies  a  current  of  2  amperes 
through  this  resistance  of  taw^dnss.  J~  0  ^Al^-— 

Now  suppose  on  the  three  wire  system  these  two  lamps 
are  put  at  c  and  g.  The  resistance  of  the  circuit  is 
100  +  100  =  200  ohms,  and 

^  _  E  ^  200  _ 
R       200 
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That  is,  the  dynamos  A  and  B  supply  current  of  1  ampere 
through  this  resistance  of  200  ohms. 

We  might  have  taken  any  other  number  of  lamps,  say 
100  in  each  case. 
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Fig.   116. 


Then    in    the  first   or  parallel   system,  K  =  r^  =  1 


ohm, 


and  C  = 


E       100 


R 


=  100  amperes. 
200 


In  the  second  or  three  wire  system  R  =  ~y?r  =  4  ohms, 

,  ^        E       200        .- 
and  C  =  -ig-  =  — j —  =   50  amperes. 

If  these  were  the  only  considerations,  the  mains  on  the 
three  wire  system  would,  with  equivalent  lamps  running, 
need  to  be  only  one  half  the  sectional  area  of  the  mains  on 
the  parallel  system. 

None  of  these  calculations,  however,  take  in  the  third 
wire,  and  might  just  as  well  be  comparisons  between 
parallel   and  multiple  series.     The  third  wire  would  not 
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be  needed  as  a  conductor  to  the  dynamo  if  the  lamps  could 
always  be  exactly  balanced  as  in  the  examples. 

Suppose  then  c,  k,  e  Fig.  115,  represent  100  lamps,  and 
g,  m  f  represent  200  lamps,  we  have  the  pressure  due  to 
the  combination  of  A  and  B  supplying  current  for  the  100 
lamps  c,  k,  e,  and  for  100  of  the  200  g,  m,  f ;  the  re- 
mainder of  the  current  for  the  other  100  lamps  g,  m,  f, 
will  have  to  be  supplied  by  B,  that  is,  there  will  be  a 
current  from  5  along  this  third  wire  to  make  up  the 
difference. 
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Fig.  1 17. 


In  practice  a  variety  of  cases  can  occur,  and  the  inter' 
mediate  wire  must  be  of  sufficient  section  to  carry  the 
maximum  of  difference  current.  This  varies  in  different 
conditions,  but  if  the  theoretic  maximum  is  taken,  it  will  be 
when  all  the  lamps  are  on  one  side  and  none  on  the  other. 
When  this  provision  is  made,  each  of  the  three  wires  will 
have  the  same  sectional  area  as  would  the  conductors  of 
the  simple  parallel  system.  In  practice  a  difference  of  25 
per  cent,  is  usually  taken  to  guide  in  estimating  the  size 
of  conductors,  and  usually  the  middle  wire  is  given  half  the 
sectional  area  of  either  of  the  others. 
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In  other  cases  the  current  will  vary  in  different  parts  of 
the  wire.     An  examination  of  the  following  illustrative 
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FiG  118 

examples  will  show  this.     The  small  figures  in  the  diagrams 
show  how  many  lamps  the  current  is  for  at  that  point. 
In  the  first  case  Fig.  116,  the  grouping  is  symmetrical  on 
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Fig.  119. 

both  sides,  and  the  opposite  groups  are  connected  at  the 
same  points  on  the  intermediate  wire,  which  carries  no 
current  whatever. 

In  the  second  case  Fig.  117,  the  groups  remain  the  same 
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but  the  points  of  connection  are  altered.     The  figures  show 
how  the  current  is  carried. 

In  the  third  case  Fig.  118,  the  total  number  on  each  side  is 
the  same  but  the  grouping  is  diflferent.  The  connecting 
points  are  the  same,  with  the  result  as  shown  by  the 
figures 
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Fig.  120. 

In  the  fourth  case  Fig.  119,  the  total  numbers  differ  as 
does  the  grouping,  but  the  groups  are  connected  at  the 
same  points. 

In  the  fifth  and  most  practical  case  Fig.  120,  the  numbers 
and  groups  differ,  and  the  connections  are  irregular. 

An  example  of  the  system  as  applied  by  Edison  will 
show  conclusively  that  the  actual  gain  by  its  use  is  far 
less  than  might  at  first  sight  be  supposed.  Fig  121, 
represents  an  underground  installation.  The  central 
station  is  shown.  The  three  wire  distributing  mains  are 
shown  laid  on  each  side  the  street,  but  joined  at  conve- 
nient junction  boxes  1,  2,  3,  4.  Besides  the  distributing 
mains,  feeders  are  taken  to  the  junction  boxes  from  the 
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station.     The  whole  forms  a  network,  and  should  a  feeder 
to  any  box  be  damaged,  current  is  supplied  from  another 
direction. 


Fig.  121. 

One  of  the  most  important  practical  questions  is  that 
concerning  the  economical  section  of  wires  for  mains. 
Information  on  this  subject  will  be  found  in  Sir  W. 
Thomson's  paper  to  the  British  Association,  1881 ;  and  in 
Prof.  G.  Forbes,  Cantor  Lectures,  1885.  In  lighting  it  is 
important  that  the  pressure  remain  constant,  otherwise 
if  it  is  too  high  the  incandescent  lamps  supplied  wiU 
soon  be  destroyed,  if  too  low  the  light  will  be  bad,  inas- 
much as  the  carbon  filament  of  the  lamp  will  not  be  raised 
to  a  sufficiently  high  temperature.  The  larger  part  of  the 
electrical  energy  supplied  to  a  lamp  only  suffices  to  raise 
the  carbon  to  a  red  heat,  the  remainder  raises  is  from  red 
to  white  heat,  the  temperature  in  fact  at  which  it  radiates 
the  desired  light. 

To  secure  perfect  results  the  resistance  of  the  mains  must 
be  so  proportioned  that  the  turning  on  or  off  lamps  will 
not  aflfect  the  current  through  those  uemaining  in  use. 


CHAPTER  VI 

SIMPLE   MEASUREMENTS. 

In  practical  work  connected  with  the  three  circuits  des- 
cribed, measurements  are  necessary.  Many  of  these 
measurements  are  simple,  requiring  only  the  reading  of 
the  deflection  of  a  pointer  moving  over  the  graduated  dial 
of  the  instrument.  We  must  be  satisfied  with  but  a  brief 
reference  to  this  part  of  the  subject,  leaving  the  consider- 
ation of  electro  static  measurements  to  more  advanced 
books.  It  has  been  stated,  on  page  9,  that  certain 
practical  units  have  been  adopted,  and  it  is  necessary 
to  be  able  to  measure  the  number  of  units  in  any  particular 
circuit. 

Thus  we  have  to  measure  Current  in  Amperes. 

„    „      „        „       Pressure  in  Volts. 

„    „     „        „       Resistance  in  Ohms. 

How  to  Measure  Current. — We  have  seen  that  if  a 
small  magnetic  needle  is  brought  near  to  a  conductor 
carrying  a  current,  the  tendency  of  the  needle  is  to  set 
itself  at  right  angles  to  that  current.  Different  currents 
then  can  be  compared  by  noting  their  effect  upon  a  mag- 
net, or  they  can  be  compared  by  noting  their  electrolytic 
action,  or  again  by  their  heating  action.  The  first  method 
is  that  in  general  use. 

If  the  conductor,  supposed  to  be  copper  wire,  and  here- 
(176^ 
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after  called  the  wire,  be  bent  into  a  circular  shape,  with 
radius  of  circle  =  r,  then  length  of  wire  in  circle  1  =  2  tt  r, 
and  with  current  =  C,  the  force  acting  at  centre  of  circle, 

If  a  magnet  pole  of  strength  M  be  placed  at  the  centre  of 
the  circle,  the  force  will  be  represented  by  the  product  of 
the  strength  of  pole  and  the  intensity  of  the  field,  or 

p  ^    MC2^ 


It  is  impossible  to  have  a  magnet  with  only  one  pole, 
but  we  can  approximate  to  the  ideal  by  having  a  magnet 
relatively  small  to  the  radius  of  the  coil  in  the  centre  of 
which  it  is  suspended,  the  force  exerted  upon  either  pole 
by  the  current  being  then  practically  the  same. 

This  is  the  principle  adopted  in  the  Tangent  galvano- 
meter. 

The  Tangent  Galvanometer. — This  instrument  con- 
sists of  a  vertical  ring  of  wire;  in  some  instruments 
several  coils  of  thick  and  thin  wire.  The  thick  coils  are 
used  for  large  currents,  the  thin  coils  are  for  use 
with  smaller  currents  and  can  be  used  in  series, 
in  parallel  or  separately.  The  coils  are  carried  on  a 
base  supported  by  levelling  screws,  so  that  they  may  be 
kept  in  a  vertical  plane  irrespective  of  inequality  of 
surface  upon  which  the  instrument  stands.  Fig.  122, 
shows  one  form  of  the  instrument.  At  the  centre  of  the 
coil,  suspended  on  a  delicate  pivot  or  by  a  silk 
thread,  is  a  small  magnet,  whose  length  should  not  be 
more  than  ,o  or  /g  of  the  diameter  of  the  ring.     The  magnet 
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carries  a  light  pointer  at  right  angles  to  its  axis,  so  as  to 
enable  the  graduated  card  just  underneath  the  magnet  to 
be  easily  read. 


E  levcvtion 


Tba/rv. 


Fig.  122. 


In  setting  up  the  instrument,  the  plane  of  the  ring  must 
be  placed  in  the  magnetic  meridian,  when  the  pointer 
should  point  to  zero  on  the  scale. 

Since  the  magnetic  field  produced  at  the  centre  of  the 
ring  is  very  uniform,  and  the  length  of  the  magnet  smaU 
in  comparison  to  the  radius  of  the  coil,  we  may  without 
serious  error  assume  the  poles  to  be  at  equal  distances  from 
the  ring,  whence  a  current  through  the  wire  will  act  upon 
each  pole  of  the  magnet  with  equal  and  opposite  forces. 
The  effect  of  this  couple  is  to  rotate  the  magnet  round  its 
point  of  suspension.  When  a  current  passes,  the  magnet 
is  rotated  through  a  deflection  d.  The  extent  of  the 
rotation  depends  upon  the  ratio  of  the  force  due  to  the 
current  in  the  coils,  and  the  horizontal  component  of  the 
earth's  magnetism.  In  all  questions  relating  to  a  magnet 
we  must  consider  the  effect  of  the  earth's  magnetism  or  in 

A. 
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some  way  neutralise  the  effect.  Eoughly  speaking,  the 
earth  acts  as  a  magnet  with  its  poles  near  to  but  not 
quite  in  the  same  direction  as  the  geographical  poles.  The 
position  of  the  earth's  magnetic  poles  is  constantly,  though 
through  small  periods  of  time,  slightly  changing.  Just  as 
we  term  the  imaginary  lines  passing  through  any  place  and 
through  the  geographical  poles  the  geographical  meridian 
of  that  place,  so  an  imaginary  line  drawn  through  a  place 
and  through  the  earth's  magnetic  poles  is  called  the  magnetic 
meridian  of  that  place.  The  action  of  the  earth's  magnet- 
ism upon  the  suspended  needle  is  to  direct  the  axis  of  the 
needle  into  a  position  parallel  to  the  magnetic  meridian,  in 
other  words  to  make  the  needle  point  north  and  south 
towards  the  north  and  south  magnetic  poles.  If  the  needle 
be  moved  out  of  the  meridian  the  horizontal  intensity  H 
of  the  earth's  magnetism  tends  to  pull  it  back  into  the 
plane  of  the  meridian. 

Now  we  are  in  a  position  to  determine  the  law  which 
governs  the  needle  under  the  action  of  a  current  in  the 
coil.  It  must  be  remembered  that  the  action  on  one  pole 
is  equal  and  opposite  to  that  on  the  other. 

Let  NS  Fig.  123,  represent  the  magnet  in  the  plane  of 
the  coil,  both  magnet  and  coil  being  in  the  plane  of  the 
magnetic  meridian. 

Let  Ni  Sj  be  the  new  position  of  the  magnet  when  a 
current  is  sent  through  the  coil. 

Let  d  be  the  angle  through  which  the  needle  is  deflected, 

H  as  before  is  the  horizontal  intensity  of  the  earth's 
magnetism. 

Let  F  be  the  force  due  to  the  current. 

Then  the  moment  of  couple  due  to  earth's  magnetism 
=  H  X  A  B. 

N  2 
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And  the  moment  of  couple  due  to  current   =  'F  x  D  E, 
but  when  the  magnet  is  at  rest  these  couples  are  equal, 
that  is,  F  X  D  E  =  H  x  A  B 

A  B 
whence  F  =  H  x 


DE 
AO 
DO 

=  H  tan  <i 


-=  Hx 


Fm.  123. 


which  gives  the  law  : — 

"  The  magnetic  force  which  acting  at  right  angles  to  the 
magnetic  meridian  produces  on  a  magnet  the  deflection  d 
is  equal  to  the  horizontal  force  of  the  earth's  magnetism 
at  that  point  multiplied  by  the  tangent  of  the  angle  of 
deflection." 

At  any  one  place  H  may  be  taken  as  constant,  hence 
the  current  varies  as  the  tangent  of  the  angle  of  deflection. 
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It  must  be  noted  that  the  strengths  of  current  are 
relative  only.  Currents  can  thus  be  compared  with  one 
another. 

In  using  a  tangent  galvanometer  the  aim  should  be  to 
get  deflections  as  near  to  45°  as  possible,  because  this  is 
the  most  sensitive  deflection  of  the  instrument.  If  two 
currents  are  to  be  compared,  obtain  deflections  as  near  as 
possible  at  equal  distances  on  the  two  sides  of  45°.  Thus 
if  it  is  desired  to  get  a  current  double  of  another,  let  the 
apparatus  be  so  arranged  as  to  give  with  the  smaller 
current  say  a  deflection  of  30°. 

Tan  of  30°  =  -5773503 

A  current  of  double  strength  will  give  a  deflection  in 
degrees  of  which 

the  tan  =  2  X  -5773503  =1-1547006  or  46°  6^  nearly. 

To  obtain  the  value  of  the  current  in  amperes  we  must 

r 
know  the  constant  of  the  galvanometer,  which  is  ^ — with 

r 
one  turn  of  wire  in  the  coil,  and  ^ with  n  turns  in  the 

coil;  and  divide  by  10  because  the  practical  unit  of  current 
is  10  of  the  theoretical  or  absolute  unit.  The  formula  for 
amperes  becomes 

^'     H  tan  d.-  ^ 


27rn  10 

Such  a  galvanometer  as  that  described,  however,  is  not 
suitable  for  engineering  work. 

Ampere-meters  &  Volt-meters.— Sir  W.  Thomson 
more  than  any  man  has  placed  the  science  and  art  of  elec- 
trical measurements  upon  a  firm  footing.  To  him  we  owe 
our  most  accurate  instruments,  but  the  study  of  them  and 
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their  applications  is  far  outside  the  scope  of  this  book,  and 
we  must  be  content  to  call  attention  to  one  or  two  of  the 
instruments  of  less  delicacy  and  beauty,  such  as  are  used  in 
the  rough  and  ready,  everyday  work  of  practical  life. 
Marcel  Deprez  designed,  and  Ayrton  and  Perry  improved 
the  ampere-meters  (generally  called  ammeters,)  and  volt- 
meters, so  largely  used  in  electrical  engineering  works. 
These  are  galvanometers  in  which  the  needle  is  made  in- 
dependent of  the  earth's  action,  by  being  controlled  by  the 
poles  of  a  powerful,  permanent  or  electro  magnet,  or  by 


Fig.  124 

the  pull  of  a  spring,  or  by  the  action  of  gravity.  The  dials 
of  most  of  these  instruments  are  for  direct  reading,  that 
is,  a  current  of  one,  two,  or  tea  amperes  will  move  the  in- 
dicator needle  through  one,  two,  or  ten  divisions  of  the 
scale.  The  ammeters  are  made  with  short  coils  of  low 
resistance,  and  in  sections  which  can  by  a  turn  of  a  con 
tact  piece,  be  used  in  series  or  in  parallel.  Thus  with 
a  very  strong  current  the  coils  would  be  used  in  multiple 
arc,  but  with  weaker  currents  they  would  be  used  in 
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series.  These  instruments  can  be  used  in  any  position, 
but  with  those  controlled  by  permanent  magnets,  care  has 
to  be  taken  not  to  weaken  the  magnets  or  reverse  them  by 
the  action  of  other  and  more  powerful  magnets  near. 
This  disadvantage  is  against  the  use  of  permanent  mag- 
nets for  controlling  purpose,  in  that  the  sensibility  of  the 
instrument  is  very  likely  to  be  temporarily  or  even  perma- 
nently varied  by  the  action  of  powerful  currents  or 
magnets.     Fig.  124,  shows  one  of  Pitkin's  Ammeters,  and 


Fig.  125,  shows  o;ne  of  Paterson  and  Cooper's,  but  of  such 
Ammeters  and  Voltmeters  their  name  is  legion  ;  they  are 
similar  in  principle  and  roughly  accurate  in  practise. 

The  divisions  of  the  scale  should  be  obtained  by  a  care- 
ful calibration  of  the  instrument,  that  is,  should  in  the 
first  instance  be  compared  with  a  standard  silver  voltameter. 
An  ampere  of  current  will  deposit  .00111815  grammes  of 
silver  per  second,  and  the  current  that  will  do  this  will 
give  a  deflection  on  the  ammeter  scale  which  should  be 
marked  1  ampere;  a  current  that  will  deposit  twice  this 


184  The  First  Principles  of 

amount  in  a  second,  will  give  a  deflection  to  be  marked  2 
amperes  and  so  on.  It  does  not  follow  that  the  scale 
divisions  are  equal.  Usually,  however,  the  scale  is  com- 
pared with  another  ammeter  which  has  been  duly- 
calibrated. 

The  voltmeter  differs  from  the  ammeter  in  that  the 
coils  are  of  much  greater  resistance.  The  voltmeter, 
therefore,  is  an  ammeter,  but  one  measuring  very  small 
currents.  Instead  of  measuring  the  whole  current  of  a 
circuit,  as  does  the  ammeter,  the  voltmeter  measures  a 
very  minute  fraction  of  the  total  current,  which  fraction 
is  taken  as  a  by-pass  through  its  high  resistance  coils 
from  terminal  to  terminal  of  the  mains  to  be  tested.  This 
minute  current  has  no  appreciable  effect  in  lowering  the 
pressure  in  the  mains,  and  therefore  any  variation  in 
this  voltmeter  current,  must  be  due  to  alteration  in  the 
pressure  in  the  mains  and  is,  in  fact,  a  measure  of  this  altera- 
tion. Voltmeters  should  be  provided  with  a  key,  and  not 
used  continuously,  because  the  sensibility  varies  with  the 
resistance,  and  the  resistance  alters  on  heating  the  coils. 

Gardew  Voltmeter. — The  above  mentioned  instru- 
ments depending  as  they  do  upon  electro-magnetic  action 
will  not  measure  alternate  currents.  An  instrument 
designed  by  Captain  Cardew,  generally  used  for  these 
measurements  is  a  voltmeter  which  depends  upon  the 
heating  property  of  the  current  for  its  utility.  The 
elongation  of  a  wire  due  to  the  heat  is  independent  of  the 
direction  of  the  current  and  depends  only  upon  the  mean 
square  of  the  current. 

The  instrument,  Fig.  126,  consists  practically  of  a  long 
platinum  or  suitable  wire,  rigidly  fixed  at  one  end,  and 
fixed  at  the  other  end  to  a  spring.     When  the  wire 
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heated  it  lengthens,  and  the  spring  shortens. 
A  pointer  suitably  arranged  at  the  spring 
end  moves  over  a  dial  graduated  to  show 
volts. 

The  use  of  ammeters  and  voltmeters  is 
exceedingly  simple.  The  ammeter  is  in- 
serted in  the  circuit,  and  when  a  current 
is  flowing;  the  deflections  of  the  needle 
show  the  value  of  that  current  in  amperes. 
The  voltmeter  should  be  connected  with 
the  two  points  whose  difference  of  pressure 
it  is  required  to  know.  Pressing  the  key 
completes  its  circuit,  and  the  needle  indicates 
the  number  of  volts  difference  of  pressure 
between  the  two  points. 

Knowing  the  amperes  and  the  volts,  the 
resistance  of  the  circuit  can  be  calculated, 

forR.J- 

In  many  cases  the  electrical  engineer  is 
satisfied  with  this  way  of  calculating 
resistance,  but  it  is  frequently  necessary 
to  take  direct  measurements  of  resis- 
tance. This  requires  other  apparatus 
and  will  now  receive  a  brief  and  ele- 
mentary consideration.  The  student 
who  desires  to  pursue  the  subject  of 
measurement  will  find  a  number  of 
Fig.  126.  admirable  books  to  his  hand;  the  sub- 
ject really  deserving  and  requiring  a  small  treatise  to  itself. 

The   simplest  method  of   determining  resistance  is  to 
replace  the  unknown  resistance  by  a  known  resistance. 
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Thus  if  we  have  a  circuit  containing  a  source  of  electrical 
energy,  a  galvanometer  and  an  unknown  resistance; 
upon  a  current  flowing  through  the  circuit  the  needle  will 
be  deflected.  Note  this  deflection.  Now  take  out  the 
unknown  resistance  and  connect  in  the  circuit  a  known 
resistance  that  can  be  varied  at  will.     Vary  the  resistance 


Fig.  127. 

till  the  deflection  of  the  galvanometer  is  again  the  same  as 
before.  Note  this  resistance,  which  will  be  the  same  as 
that  displaced.  Known  resistances  can  be  purchased  in 
many  arrangements.  Fig.  127,  shows  how  resistance 
coils  or  resistance  boxes  are  constructed,  aa  a  a  are  thick 
blocks  of  brass  or  suitable  conducting  metal,  /  is  a  plug  the 
lower  part  of  metal  conical  in  shape  to  fit  the  conical  holes 
bored  in  the  blocks  a  a,  the  upper  part  /  is  of  ebonite  or 
some  non-conducting  material,  c  c  is  an  insulating  cover. 
Below  the  cover  are  shown  three  boxes  of  ebonite  or 
other  insulating  material.     Each  box  contains  two  thick 
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conducting  rods  d  d  going  through  holes  in  the  cover  c,  one 
rod  being  connected  to  one  end  of  a  block  a,  the  other  rod 
similarly  connected  to  the  end  of  the  next  block  a.  The  end 
of  the  rods  in  any  one  box  are  connected  by  a  wire  e  whose 
resistance  has  been  carefully  measured  by  comparison  with 
Standards.  This  wire  is  doubled  on  itself  to  prevent  self- 
induction.     The  thick  rods  d  d  and  the  blocks  a  a  should 


Fig.  128. 

be  massive  enough  to  have  no  observable  resistance.  K 
now  the  boxes  contain  resistance  respectively  of  1,  2,  3 
ohms  and  so  on,  we  can  substitute  these  known,  for 
unknown  resistances.  In  many  cases  the  insulating  boxes 
are  not  used,  but  a  number  of  resistances  are  put  into 
one  box  and  separated  by  pouring  in  paraffin.  When  the 
plug/  is  out  from  two  adjacent  blocks  the  two  resistances 
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are  in  series,  and  by  having  a  sufficient  number  of  graduated 
resistances  they  can  be  arranged  so  as  to  give  any  total 
resistance  up  to  the  limits  of  the  apparatus.  Fig.  128, 
shows  a  common  form  of  arrangement.  The  figures  show 
the  resistance  of  the  particular  coils,  and  the  whole  are 
arranged  to  be  used  as  a  Wheatstone  bridge. 

Wheatstone  Bridge  Method. — It  is  not  very  often  con- 
venient to  replace  the  unknown  by  the  known  resistance,  so 


"^wU 


Fig.  129. 
a  balancing  method  is  used,  first  introduced  by  Gilbert, 
but  made  popular  by  Wheatstone,  since  called  Wheatstone's 
bridge  method.  The  arrangement  is  shown  in  Fig.  129. 
Let  the  four  resistances  a,  &,  c,  d,  be  joined  as  shown  at 
A  B  C  D ;  while  A  and  B  are  connected  to  battery  E 
through  key  Kj :  and  C  D  are  connected  to  galvanometer 
G  through  Key  K.  Closing  K^  a  current  flows  between 
A  B  through   the  branches  a  b  and  c  d.     If  K  is  open, 
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then  whatever  current  goes  through  a  will  go  through 
h  ;  similarly  whatever  current  goes  through  c  will  go  through 
d,  K  Cj  =  pressure  between  A  D  ;  eg  that  between  D  B ; 
63  that  between  A  C ;  and  e^  that  between  C  B. 

e        6 
then  current  through  a  =  current  through  h  =  —^  =  -jj- 

C         d 
Close   K  and  suppose  no  current  flows   through    the 
galvanometer,  that  shows  e^  =  Cg,  and  q^  =  ©4  ; 


nee 

>±i 

x^=^x-^ 

a 

63       b       e, 

>> 

c  _  d 

a       b 
d 

or 

c  -  a^ 

Thus  if  c  is  an  unknown  resistance,  and  a  a  known  re- 
sistance, and-T-a  known  ratio,  we  can  calculate  the  resis- 
tance c. 

In  practise,  then,  we  probably  have  some  knowledge  of 
the  resistance  to  be  measured,  that  is,  we  know  it  is 
small  or  large,  and  arrange  the  ratio  suitably.  In  Fig.  128, 
the  right  side  coils  10,  100,  1000;  10,  100,  1000 
represent  the  resistances  6  c?;  R  is  the  unknown  resistance 
represented  in  the  diagram  by  c,  while  a  is  indicated  by 
the  other  resistances  from  1  to  4000.  The  black  dots 
represent  plugs,  and  when  plugs  are  in,  that  resistance  is 
cut  out  of  the  circuit.  In  using  resistances,  care  has  to 
be  taken  that  the  current  used  is  not  too  strong,  other- 
wise the  resistances  or  the  insulation  will  be  spoilt ;  nor 
should  the  current  be  kept  on,  otherwise  the  coils  will  be 
heated,  and  the  resistance  will  not  be  constant. 


190  The  First  Principles  of 

Here  we  must  leave  the  reader.  If  this  little  book 
finds  favour,  its  defects  will  be  condoned,  as  it  is  an  at- 
tempt in  a  somewhat  novel  direction. 

Either  the  whole  of  electrical  and  magnetical  phenom- 
ena can  be  explained  by  the  circuits  and  their  interactions 
or  they  cannot.  The  author  believes  they  can,  and  by  so 
doing  practical  calculations  can  be  simplified. 
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Accumulation    see  circuit,  inductive 
Accumulators,    see  batteries,   second- 
ary 
Airspace  in  dynamo,  88,  107, 119,  128 
Air  space  in  magnet,  reason  of,  33 
Alloy,  a  non-magnetic,  35 
Alternate  current  dynamos,  see  dyna- 
mos 
Alternate  currents,  how  to  obtain, 

107 
Alternate  currents,    Cardew's    volt- 
meter for  measuring,  184 
Alternators  ;  see  also  transformers, 

distribution 

coils  of,  varying  pressure  in,  155 

exciting,  158 

Faraday's,  151 

frequencies  of,  155  157 

Gordon's,  155 

Ideal,  154 

output  of  compared  with  continuous 
machines,  158 

are  reversible,  162 

self-induction,  152 
Amber,  glass,  etc.,  attraction  of  paper 

by,  47  .       , 

Ampere,    the   practical   unit  of  cur- 
rent, 9 
Ampere-turns,  84.  93 
Ampere-turns    in    shunt  and   series 

dynamos,  147 
Amperes,  measurement  of,  176 
Ampere  Meters  ; — 

calibrating,  183 

description  of,  182 

Deprez,   and   Ayrton  and  Perry's 
work  on,  182 

Paterson  and  Cooper's  183 

Pitkin's,  182 

principle   and  action  of,  176 

tangent  galvanometer,  177 

Thomson,  Sir  W.,  his  work  on,  181 

use  of,  133 

voltmeters,  difference  between,  184 
Apparatus  for    producing  electrical 

pressure,  see  induction,  batteries, 

dynamos 
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Arc  lamps,   arrangement  of  circuits 
for,  166 

Arcs,  how  formed  on  commutators,  112 

Area  method  of  graphic  representa- 
tion, 72 

Armatures  ; — see  also  dynamos 
area  of,  and  density  in,  118 
brushes,  use  of,  108 
brushes,  how  sparks  are  formed  112, 

brushes,  position  of,  124 

coils  correspond  in  number  to  com- 
mutator bars,  109 

coils  of,  mutual  interaction  ot,  106, 
112 

commutator,  diagram  of,  108 

commutator,  how  burned,  112,125 

commutator,  use  of.  107 

continuous  current   machines  and 
alternators,  comparison  of,  158 

cooling  of,  150 

core  part  of  magnetic  circuit,  114 

diflferent  method  of  winding,  no 

the  Drum,  tii,  150 

economical  cross-section  of,  118 

field-magnets,  interactions  of,  119 

formula  for  cooling  surface,  97 

Foucault  currents  in,  143 

Gramme's,   when  satisfactory  and 
when  not,  150 

heating  of,  113 

h.  p.  developed  in,  118 

how  current  is  produced  in,  112 

how  pressure  is  produced  in,  114 

interactions  in,  105,  112 

lamination  of  cores,  143 

lines  of  force  in,  division  of,  117,  119 

magnetism  of  cores,  113 

mechanical  disposition  of,  126 

part  played  by,  105 

poles  induced  in,  123 

proper  distance  between   core  and 
pole  pieces.  127 

pull  of  field-magnet  on,  128 

pulleys  and  bearings  of,  127 

resistance  of,  1 16,  140 

the  Ring,  in,  115,  150 

saturation  of,  142 

short  circuiting  of  coils,  113,  126 
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Armatures  continued  :— 

speed    of   and    pressure,    relation 
between,  138 
Attraction  and  repulsion,  44,  47 
Axis,  magnetic  of  dynamo,  124 
Ayrton  and  Perry's  work  on  meters, 

182 


B. 


B.  A.  unit,  the.  7 

Battery,  direction  of  current  in,  5 

Batteries,  Primary:— 

amalgamation  of  zincs,  57 

arrangement     of,    in      series    and 
multiple  arc,  60 

Bunsen's  58 

constancy  of,  56 

contact  r/.  chemical  theory,  54 

couple,  the,  explanation  of,  55 

Daniell's,  56 

diagram  of  single  cell,  54 

Grove's,  57 

internal  resistance  of,  60 

internal   and    external   resistance, 
how  to  calculate,  61 

Leclanche's,  58 

life  of,  60 

local  action  in,  56 

Ohm's  law  applied  to,  61 

originated  by  Galvani   and  Volta, 

53 

pressure  obtainable  from,  53 

pressure  in,  origin  of,  56 

properties  of  good,  53 

short-circuiting,  62 

Tommasi  and  Gore's  books  on,  55 
Batteries,  Secondary  :— 

charging  and  discharging,  59 

chemical  changes  in,  59 

difference  between  these  and    pri- 
maries, 58 

grids  for,  60 

Ufe  of,  60 
Bearings  of  armatures,  127 
Board  of  Trade  unit,  coal  required  to 

obtain,  151 
Body,  the  human,  ways  ot  earthing. 

Boxes,  resistance,  186 

Bridge,  Wheatstone's  for  measuring 

resistance.  188 
Brush  and  the  multiple  series  circuit, 

167 
Brushes  of  dynamo,  how  sparks  are 

formed,  112,  125 
Brushes  of  dynamo,  position  ot.  134 
Brushes  of  dynamo,  use  of,  108 


C.  G.  S.  unit  line  of  force,  117 


Calibrating  ammeters,  183 
Cardew's  voltmeter,  184 
Carre's  induction  machine,  51 
Cells,  Battery,  ^ec  batteries 
Central   station  on    the    three    wire 

Svstem,  174 
Characteristic    curves   of  dynamos, 

139.  147,  149 
Charge,  see  circuits,  inductive 
Charging  and  discharging  secondary 

batteries,  59 
Circuit,'  giaphic  method  of  showing 

available  pressure  in,  134 
Circuit  of  series-wound  dynamo,  131 
Circuit     for     distributing    electrical 

energy,  see  distribution 
Circuits; — 
Conductive— Direct  ok  Simple: 
broken  and  the  body,  15 
external  phenomena  in,  35 
is   a    closed  one   and    therefore 

magnetic,  42 
its  action  on  neutral  bodies,  36 
its  action  on  other  circuits,  35 
magnetic  field  around,  30 
Ohm's  law  applied  to,  9,  3^ 
phenomena  of,  6 
positive  and  negative  points  in, 

122 
source  and  what  it  is,  3 
see  also  dynamos 
Conductive — Divided  or  Shunt  : 
danger  of  introducing  body  into, 

16 
different  names  for,  ti 
different  windings,  12 
how  to  calculate  current  in.  11, 12 

13 
how  tocalculate  resistance  of,  10, 
.    ^3        . 

illustrations  of  various,  10 
its  action  on  other  circuits,  35 
in  shunt  dynamos,  145 
shunts  to  be  avoided,  15 
see  also  alternators  and   induc- 
tion 
Inductive  : — 
accumulation  of}  pressure  in,  £o, 

23,  24,  37  .    ,      . 

difference  between  inductive  and 

conductive,  18 
distributioi^.  of  charge   in,  24,  37 
electrical  conditions  of,  19 
external  phenomenaof  conductive 

circuit  due  to,  36 
its  action  on  other  circuits,  35 
Ohm's  law  applied  to,  20,  26,  34 
only  a  modification  of  the   con- 
ductive, 17 
positive  and  negative  points  in, 

122 
representation  of,  18 
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Inductive  continued ; — 

resistance  of  dielectric  in,  20,  21 
resistances  in  series  and  multiple 

arc,  21 
short  circuits,  25 
the  simple  circuit,  19 
specific  inductive  resistance,  26 
Interactions  of,  35,  46 
see    also    dynamos,   alternators, 
motors 
Magnetic  : — 
air  space  and  lines  offeree,  32,  33 
coils  of  wire  form   electro-mag- 
nets, 42 
conductors  in,  24,  39 
description  of  different  magnets, 

27 
direction  of  lines  of  force  in,  123 
lield  around  wire,  30 
formula  for  resistance  of,  129 
its  action  on  neutral  bodies,  38 
its  action  on  other  circuits,  35 
Kapp's  unit  for,  86 
leakage,  33 

lines  of  force,  29,  32,  33,  38,  39 
Ohm's  law  applied  to,  34 
outside  conductive  circuit,  30 
phenomena  of  magnet,  28 
resistance  of,  32,  88 
see  also  transformers,  motors 
Circuits,  measuring  resistance  of,  185 
Coal,  heat  units  afforded  by  ilb.,  133 
Coal,    required   to  obtain   Board  of 

Trade  unit,  151 
Cobalt,  a  magnetic  conductor,  34 
Co-efficient  of  self  induction,  153 
Coils  of  dynamos,  see  dynamos 
Coils,  varying  pressure  in,  155 
Coils  of  wire  act  as  magnets,  32 
Coils,  resistance,  186 
Commercial  and  electrical  efficiency 

of  dynamos,  133,  150 
Commutator  bars,   how  burned   up, 

112,  125 
Commutator  bars  correspond  to  num- 
ber of  armature  coils,  109 
Commutator    brushes,     position    of, 

124 
Commutator  of  dynamo,  diagram  of, 

T08 
Commutator  of  dynamo,  use  of,  107 
Compass,  magnetic,  28 
Compound  dynamo : —  see  dynamos 
Condensers,  51 

Conductive  circuit,  see  circuits 
Conductivity  of  metals,  8 
Conductivity,   effect  of  temperature 

on,  8 
Conductor,  action  of  magnetic  loops 

on,  78 
Conductor,  active,  in  motor,  length  of, 
163 


Conductor,  effect  of  heat  or  resistance 
of,  95 

Conductor,  external  phenomena  pro- 
duced by  current  in,  35 

Conductor  turns  in  armatures,  114 

Conductors  ;— 
action  of  magnet  on,  39 
arrangement   of,    for    distributing 
electrical   energy,    see   distribu- 
tion 
defination  and  list  of,  4 
increasing    and  decreasing    resis- 
tance ofi  6 
magnetic,  34 

rule  for  rise  in  temperature  of,  8 
straight,    resistance    of  less    than 
when  coiled,  106 

Constant  of  tangtnt  galvanometer, 
178 

Constancy  of  batteries,  56 

Contact  v.  Chemical  Theory,  54 

Continuous     current     dynamos,   see 
dynamos 

Co-ordinate?,  the  use  of,  75 

Cooling  surface  of  dynamos,  97 

Copper,  conductivity  of,  8 

Copper,   its  influence    on    magnetic 
resistance  of  air  space,  119 

Copper-zinc    couple,     pressure     pro- 
duced by,  56 

Core  of  armatures,  %&&  armatures 

Core  of  dynamo,  87 

Core  of  electro-magnet,  see  electro- 
magnet 

Cotton-covered     wire,     formula     for 
heating  of,  97 

Counter  pressure  in  motors,  164 

Couple,  explanation  of.  72 

Couple,  in  tangent  galvanometer,  178 

Crompton  dynamo  &  VVillan's  engine, 
efficiency  of,  151 

Current  and  resistance,  6 

Currents  : — 
action    of,    on    magnets    used    for 

measuring  purposes,  176 
alternate,  how  to  obtain,  107 
attraction  &  repulsion  of,  46 
continuous  all  round  a  circuit,  12a 
continuous,  how  to  obtain.  107 
distribution  of,  see  aistribution 
given   by  dynamos,   characteristic 

curves  of,  139,  147,  149 
given  by  series  dynamos,  calcula- 
tion of,  131 
heating  effect  of,  96 
how  divided  in  shunt  dynamo,  145 
how  to  calculate,  9 
how  produced  in  armature,  112 
how  produced  in  a  dynamo,  78 
in  divided  circuits,  10,  11 
in  transformers,  variation  of  160 
meters,  principle  and  action  of,  176 

o  2 
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Currents  continued '. — 

of  batteries,  how  to  increase,  62 

Ohm's  law  for,  q 

practical  unit  of,  9 

reversals  in  alternators,  155,  157 

reversals  in  dynamos,  how  compen- 
sated for,  108 

steady,  how   to  produce  by  dyna- 
mos, 109 

transformations  see  transformers 
Current,  effect  of  on  magnetic  needle, 

176 
Current,  heating  effect  of,  utilised  in 

Cardew's  voltmeter,  184 
Current,  how  to  measure,  176 
Current  measurers,  ste galvanometer, 

ampere  meter,  voltmeter 
Curve  of  magnetic  pressure,  77 
Curve  of  saturation  of  iron,  89 
Curves,   characteristic    of  dynamos, 

139.  147,  149 
Curves,  plotting,  76 
Curve  showing  relation  between  arma- 
ture speed  and  pressure,  138 

D. 

Danger  of  broken  and  bridged    cir- 
cuits, 15 
Daniell's  battery,  56 
Density  of  magnetic  field,  118 
Deprez's  work  on  meters,  182 
Diagrams  of  motor  efificiency,  72 
Diagrams,  the  use  of  co-ordinates,  75 
Diagrams,  see  aAso  graphic  method 
Dielectric  in  inductive  circuits,  20 
Direct  current  dynamos  see  dynamos 
Drum  armature,  the  in,  150 
distributionof  electrical 
Energy  ; — 
feeders,  174 
grouping  of  lamps,  173 
how  it  may  be  distributed,  165 
unction  boxes,  174 
multiple  series  circuit,  167 
network  of  mains,  174 
parallel  circuit,  i66 
series  circuit,  166 
three  wire  system,  167 
Dynamos  : — 
air  space  in,  88,  107,  119,  i23 
alternate  and  continuous,  difference 

between,  81,  107 
are  reversible,  162 
area  method  of  graphic  representa- 
tion, 72 
Armatures  of  ; — 
area  of  and  density,  118 
of  continuous  and   alternating, 

difference  between,  158 
core  part  of  magnetic  circuit,  114 
different  methods  of  winding,  no 


Armatures  continued : — 

division  of  lines  of  force  in,  117 
the  drum,  in,  150 
economical  cross-section  of,  118 
formula  for  rise ^of  temperature  in,. 

Foucault  currents  in,  143 
h.  p.  developed  in,  118 
heating  of,  113 

how  current  is  produced  in,  112 
how  pressure  is  produced,  114 
interactions  of  crilsof,  106,  112 
interactions  in,  105,  112 
lamination  of  cores,  143 
magnetism  of  cores,  113 
mechanical  disposition  of,  126 
part  played  by,  105 
path  of  lines  of  force  in,  119 
proper  distance  between  core  and 

pole  pieces,  127 
resistance  of,  116 
resistance     of,     its    relation     to 

current  and  pressure  in,  140 
the  ring,  in,  150 
ring,  how  to  calculate  pressure 

in,  115 
short  circuiting    f  coils,  113,  126 
speed  of  and  pressure,  relation 
between,  138 
brushes,  how  sparks    are    formed, 

112,  125 
brushes,  position  of,  124 
brushes,  use  of,  108 
calculating  lines  of  force,  83 
commercial  and  electrical  efficiency 

of,  133,  150 
commutator    bars    correspond     to 
number  of  armature  coils,  109 
commutator,  diagram  of,  108 
commutator,  how  burned,  112,  125 
commutator,  use  of,  107 
Compound  Wound:— 
characteristic  of,  149 
efficiency  of,   150 
winding  of,  12,  150 
cooling  surface  per  Watt,  98 
core  and  armature  of  87 
couple,  72 
current  reversals,  how  compensated 

for,  108 
current,  steady,  how  to  produce,  109 
effect  of  thin  and  thick  wire  wind- 
ing, 93 
energy    wasted  in    badly    propor- 
tioned, 99 
exciting,  energy  wasted  in,  J03 
Faraday  and   the  development  of, 

65 
field-magnets  of,  78,  83 
field-magnets,  how  excited,  158 
field-magnets,  magnetic  circuit  of, 
no 
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Compound  wcund  continued. 

field-magnets,  pull  of  on  armature, 

128 
field-magnets,  residual  magnetism 

in,  144 
field-magnets,    saturation  of,    142, 

15c 
formula  for  heating  of  shunt  and 

series  machines,  99 
formula  for  magnetic  circuit  in,  88 
formula  for  rise  of  temperature  in 

coils,  97 
graphic    method  and,  65,  see  also 

under  graphic 
heat  unit,  96 
heating  of  coils,  95,  97 
how  current  is  produced  in,  78 
how  to  increase  the  pressure,  82 
how  to  obtain  volt  pressure,  81 
induction  as  applied  to,  121 
interaction  of  circuits,  119 
Kapp's    formula  for   coil   heating, 

weight  of  coil  etc.,  100 
leakage  lines,  90 
ong  and  shcrt  coils,    advantages 

of,  103 
magnetic  axis  of,  124 
magnetic  circuit  of,   internal  and 

external,  121 
magnetic  circuit,  notation,  adopted 

for,  123 
magnetic  field,  density  of,  118 
magnetic  loops,  their  action,  78,  see 

aXso/orce,  lines  of 
magnetic  resistances  of.  87,  107 
modern,    perfected    by   Hopkinson 

and  Kapp,  65 
moment  of  forces,  71 
pole-pieces  of  and  air  space,   92, 

107,  128 
poles    induced    in     armature    and 

magnets,  123 
principle  of,  77 

pulleys  and  bearings,  best  disposi- 
tion of,  127 
saturation  curve  for,  89 
saturation    of  field-magnets      and 

cores,  142,  150 
Series  Wound  ; — 

armature    speed    and    pressure, 
relation  between,  138 

characteristic  curve  of,  139 

formula    for    obtaining  pressure 
and  current  in,  131 

Foucault  currents  in,  143 

resistances  of,  151 

to  obtain  a  required  field,  146 

winding  of,  92,  131 
Shunt  Wound  ; — 

and    alternators,    diflFerence    be- 
tween, 158 

characteristic  curve  of,  147 


Shunt  wound  continued  : — 
current  in,  path  of,  145 
disadvantages  of,  144 
residual  magnetism  in,  i  44 
resistances  of,  145 
short-circuiting  of,  148 
to  obtain  a  required  field,  146 
winding  of,  12.  93,  144 

Shunt  and  series,  or  compound  ma- 
chine, 94.  see  also  below 

should  be  insulated  from  earth,  17 

terminal  pressure  of,  graphic  me- 
thod of  showing,  136 

Thompson,  Silvanus,  and  graphic 
representation,  72 

torque,  72 

unit  of  work,  96 

and  Willans  engines,  efficiency  of, 

wire  for,  influence  of  diameter, 
weight  &c.  100 

See  also  alternators,  motors,  trans- 
formers 


Earth's  magnetism,  effect  of  on  gal- 
vanometers, 179 

Earthing  the  body.  15 

Edison  and  the  three  wire  system, 
167,  174 

Efficiency  of  dynamos,  commercial 
and  electrical,  133,  150 

Efficiency  of  motors,  formula  for,  164 

Electric  action,  no  manifestation  of 
without  difference  of  pressure,  2 

Electric  light  and  telephone  circuit, 
danger  of  bridging,  17 

Electric  lighting,  arrangements  of 
circuits  for,  see  distribution 

Electrical  Engineer,  the,  i 

Electrical  energy  developed  in  arma- 
tures, 118 

Electrical  energy,  formula  for  calcu- 
lating, 96 

Electrical  energy,  how  it  may  be  dis- 
tributed, 165 

Electrical  pressure,  how  to  produce, 

47     .  . 
Electricity,  constant  in  quantity,  2 
Electricity,  an  entity,  2 
Electricit}',  frictional,  see  induction, 

apparatus 
Electricity,  its  path,  see  under  circuits 
Electricity,    vitreous    and    resinous, 

positive  and  negative,  19 
Electro-gi  aphics  see  graphics 
Electrolyte  in  batteries,  60 
Electrolytic  action  of  current  used  for 

measuring  purposes,  176 
Electro-magnet,  every  action  depends 

on  lines  of  force,  84 
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Electro  magnet,  reason  why  core  is 
bent,  32 

Electro-magnet,  action  of  circuit  on 
core,  40 

Electro-magnet,  field  of,  proportional 
to  current  strength,  41 

Electro-magnets,  how  formed,  27,  32 

Electrj-magnets  used  in  dynamo  see 
dynamos 

Electro-motive  force,  see  under  pres- 
sure 

Electro  negative  and  pjsitive  metals, 

Energy  obtained  from  i  lb.  of  coal, 

Energy,  useful  and  waste  in  series 

dynamo,  132 
Energy  wasted  in  badly  proportioned 

dynamos,  gg 
Engines,  Willans,  and  Crompton  and 

Hopkinson  dynamos,  efficiency  of, 

151. 
English  lines  of  force,  117 
Esson,  limit  of  density  in  armatures, 

119 
Esson's  formula  for  coil  temperature, 

97 
Exciting  alternators   and  direct  cur- 
rent machines,  158 
Exciting  dynamos,  energy  wasted  in. 


Faraday's  alternator,  151 

Faraday  and  the  development  of  the 

dynamo,  65 
Faraday  and  specific  capacity,  26 
Faraday's  lines  of  force,  29 
Faraday's  transformer,  159,  161 
Feeders  in  electric  light  circuits,  174 
Ferranti's  use  of  transformers,  161 
Field  offeree,  30 
Field,  magnetic,  around  wire,  30 
Field  magnets,  see  dynamos 
Fires  from  hot  conductors,  97 
Flux,  magnetic,  and  pull  of  magnet, 

128 
Force,    Lines    of,     &     Magnetic 

Loops  : — 

in  armature,  division  of,  117,  119 

around  conductor,  31 

around  magnet,  diagram  of,  29 

C.  G.  S.  unit  of,  117 

current  proportional  to  number  of, 
42,  106 

direction  of  in  magnetic  circuit,  123 

direction  of  in  moving  armature,  125 

due  to  lines  of  polarised  molecules, 
39.  45 

English  lines,  117 

in  an  electro-magnet,  32 


Force,  Lines  of,  &  Magnetic  Loops- 
continued  : — 

in   electro-magnet  proportional   to 
current  strength,  41 

and  friction  of  dynamobearings,  127 

inverse  squares  law,  128 

Kapp  units,  117 

leakage  lines,  90 

in  magnetic  circuit,  38 

&    magnetic     pressure,     plotting 
curve  of,  77 

magnetic     pull      proportional     to 
number  of,  129 

saturation  of  iron  with,  89 

&  self-induction,  152 

unit  wanted  for,  84 

Magnetic  Loops  ; — 
in  armature  suppression  of,  106 
how  to  increase  number  of,  83 
in  coil  vary  with  its  position,  155 
in  motor,  162 
in  transformer,  159 
number  that  will  produce  a  Volt, 

81 
&  pressure  in  armatures,  114 
their  action,  78 
Forces,     moment    of,    couples    and 

torque,  71 
Forces,  their  action,  graphic  method 

of  representing,  65 
Formula  ;  — 

for  coil  heating,  Kapp's,  100 

for   conversion    and    utilization  of 
h.  p.,  134 

for  calculating  current  and  pressure 
of  batteries,  62 

for  divided  circuits,     1,1 

for  calculating  efficiency  of    motor, 
73.  164 

for    calculating  electrical    energy,. 
96 

for  converting  galvanometer  deflec- 
tions into  amperes,  181 

for  earth's  magnetism,  180 

for  magnetic  force  at  centre  of  coil, 
177 

for  electrical  energy  in  armatures, 
118 

for  energy  wasted  in  exciting  dyna- 
mos, 103 

for  heating  effect  of  current,  95 

for  calculating  horse  power,  96 

for  inductive  circuit,  22 

for  magnetic  circuit,  88 

for  pressure  in  armatures,  114 

for  pressure  of  series  dynamo,  131 

for  calculating  quantity  of  charge 
in  inductive  circuit.  24 

for  calculating  resistances  of  bat- 
teries, 6r 

for  resistance  of  magnetic  circuit,, 
129 


INDEX . 


199 


Formulae  coutinued ; — 
for    resistance  of  parallel   circuit, 

170 
for  resistance  of  three  wire  circuit, 

170 
for  series  and  multiple  arc  arrange- 
ment of  batteries,  64 
for  simple  circuit,  q 
for  varying  pressure  in  coil,  156 
for  weight  of  dynamo  coil,  102 
Foucault  currents,  143 
Frequencies  of  alternators,  155,  157 
Frictional  apparatus,  see  induction 


Galvani  originator  of  primary   bat- 
teries, 58 

Galvanometer,  tangent,  principle  of, 
176 

Galvanometers: — 

controlled,  see  ampere  meters 
tangent,    and    the    measuring    of 

resistance,  186 
tangent,  constant  of,  181 
tangent,  description  of,  177 
tangent,  effect  of  earth's  magnetism 

on, 179 
tangent,  obtaining  deflections  with, 
181 

Gilbert,  Dr  ,  his  work  on  induction 
phenomena,  47 

Glass,  attraction  of  paper  by,  47 

Gold,  conductivity  of,  8 

Gordon's  alternator,  155 

Gore's  book  on  batteries,  55 

Gramme  ring,    formula  for  pressure 
in,  T15 

Gramme  ring,  when  satisfactory  and 
when  not,  150 

Graphics,  Electro,  showing; — 
area  method,  72 

available  pressure  in  circuit,  134 
current  produced  in  dynamos,  80, 
109 
characteristic  of  compound  wound 

dynamo,  749 
characteristic  of  series    dynamos, 

139 
characteristic    of    shunt    dynamo, 

efficiency  of  motor,  72 

plotting  curves,  76 

relation   between    armature   speed 
and  pressure,  138 

saturation  curve,  89 

use  of,  65 

use  of  co-ordinates,  75 
Gray,   Stephen,   his    induction   tele- 
graph, 47 
Grids  for  secondary  batteries,  60 
Grove's  battery,  57 


H. 


Heat,  mechanical  equivalent  of,  96 
Heat,  unit  of,  96 
Heating  of  armatures,  113 
Heating  of  dynamo  coils,  95,  97 
Heating      of     badly      proportioned 

dynamos,  energy  wasted  in,  99 
Heating  of  shunt  and  series  dynamos, 

99 
Heating  effect  of  currents  used  for 

measuring  purposes,  176 
Heating  effect  of  current  utilised  in 

Cardew's  v.  Itmeter,  184 
Hering,    bearings    and    pulleys    of 

armatures,  127 
Hering,  magnetic  resistance  of  air 

space,  128 
Hopkinson     dynamo     and     Willans 

engine,  efficiency  of,  151 
Hopkinson  and  the  three  wire  system, 

167 
Hopkinson  and  Kapp  and  the  modern 

dynamo,  65 
Horsepower  developed  in  armatures, 

ii8 
Horsepower,  formula  for  calculating, 

96 
Horse  shoe  magnet,  reason  of,  32  _ 
Hydrogen,  production  of  in  batteries, 

56 


I. 


Incandescent  lamps,  ways  of  arrang- 
ing them  in  circuits,  see  distribw 
Hon 

Induc.tion  Apparatus  ; — 
Carre's  machine,  51 
old  plate-glass  machine,  48 
Wimshurst's  machine,  49 

Induction,  apparatus  for  producing 
phenomena  of,  47 

Induction  as  applied  to  dynamos, 
121 

Induction,  self,  152 

Induction,  self,  coefficient  of,  153 

Inductive  circuit,  see  circuits 

Inductive  resistance,  specific,  26 

Insulation  broken  down  by  self-in- 
duction, 153 

Insulation  of  dynamos  injured  by 
heat,  95,  97^  .       . 

Interaction  of  circuits,  35,  46,  see  also 
circuits  <5?*  dynamos,  transformers 
distribution,  etc 

Insulators,  list  of,  4 

Insulators,  specific  inductive  resist- 
ance  of,  26 

Internal  resistance  of  batteries,  Co 

Inverse  squares,  law  of,  128 

Iron,  a  magnetic  conductor,  34 


200 


INDEX 


Iron,  and  manganese,  a  non-mag- 
netic alloy,  35 

Iron,  conductivity  of,  8 

Iron  in  dynamo  shafts  and  bearings, 
127 

Iron  cores  in  dynamo,  saturation  of, 
142 

Iron  tilings,  action  of  magnet  on,  29 

Iron  for  bridging  air  space  in  dynamo, 
107   "9       , 

Iron,  saturation  curve  for,  89 


J. 


Joule  and  the  mechanical  equivalent 
of  heat,  96 

Junction  boxes  in  electric  light  cir- 
cuits, 174 


Kapp  Gisbert  ; — 
and  the  modem  dynamo,  65 
magnetic  circuit  unit,  86 
rule  for  heating  of  coils,  97 
on  the  energy  wasted  in  badly  pro- 
portioned dynamos,  99 
formula  for  weight  of  coils,  102 
formula  for  waste  of  energy  in  exci- 
tation, 103 
unit  line  of  force,  117 
density  in  armatures,  118 


L. 


Lamination  of  armature  cores,  use  of. 

Lamps,  ways  of  arranging  in  circuits 
see  distribution 

Lead  of  brushes  in  dynamos,  125 

Lead,  conductivity  of,  8 

Lead,  peroxide,  formation  of  in  se- 
condary batteries,  59 

Lead,  use  of  in  secondary  batteries, 
59 

Leakage  in  a  circuit,  6 

Leakage  of  lines  of  force,  90,  129 

Leclanche's  battery,  58 

Leyden  Jars,  51 

Lighting  by  electricity,  arrangement 
of  circuits  for,  see  distribution 

Lines  of  force,  see  force,  lines  of 

Local  action  in  batteries.  56 

Loops,  magnetic,  see  under  force, 
lines  of 

M. 

Machines  for  producing  electrical 
pressure,  see  induction,  batteries, 
dynamos 

Magnet,  action  of  on  a  conductor,  39 


Magnet,  action  of  on  iron  filings,  29 
Magnet    of   tangent    galvanometer, 

how  rotated,  178 
Magnetic  force  at  centre  of  cdH,  for- 
mula for,  177 
Magnetic  needle,  eflfect  of  current  on, 

176 
Magnetism  of  the  earth,  its  effect  on 

galvanometers,  179 
Magnet,  permanent,   demagnetibing 

and  remagnetising,  40 
Magnet,  phenomena  of.  28 
Magnets,  action  of  current  on  used 

for  measuring  purposes,  176 
Magnets,  different  kinds  of,  27 
Magnets,  h^w  to  make,  27,  28 
Magnetic  axis  of  dynamo,  124 
Magnetic  circuit  of  dynamo,  armature 

part  of,  1 14 
Magnetic   circuit    see    circuits    and 

dynamos 
Magnetic  conductors,  34 
Magnetic  Field  :— 

around  wire,  30 

current  produced  by,  proportional 
to  number  of  lines  of  force,  42 

due  to  lines  of  polarised  molecules, 
39.  45.  see  a\%o  force,  lines  of 

of  dynamo,  see  dynamos 

proportional  to  current  strength,  41 
Magnetic  flux  and  pull  of  magnet, 

128 
Magnetic  force,  field  of,  30 
Magnetic  leakage,  33 
Magnetic  loops  see  force,  lines  of 
Magnetic  pressure,  plotting  curve  of 

77 
Magnetismof  armature  cores,  113 
Magnetism,    residual,    in  dynamos, 

144 
Mains     for     distributing    electrical 

energy,  see  distribution 
Manganese   and   iron,  non-magnetic 

alloy,  35 
Matthiessen's  conductivity  tables,  8 
Measurements  of  Current,  Pres- 
sure AND  Resistance:  — 

ampere  and  volt-meters  described, 
182 

ampere  and  volt-meters,  difference 
between,  184 

calibrating  ammeters,  183 

Cardew's  voltmeter,  184 

of  current,  176 

Deprez  and   Ayrton   and    Perry's 
work  on,  182 

effect  of  earth's  magnetism  on  gal- 
vanometers, 179 

Paterson  and  Cooper's  ammeters, 
182 

Pitkin's  ammeter,  183 

of  resistance  of  circuits,  185 
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Measurements  of  currents,  pressure 
and  resistance  continued  : — 
principle    and  action    of    current 

meters,  176 
Tangent  galvanometer,  177 
Thomson,  Sir  W.,  his  work  on,  181 
Wheatstone  Bridge  method  for  re- 
sistance, 188 

Mechanical  disposition  of  armatures, 
126 

Mechanical  equivalent  of  heat,  96 

Mercury,  conductivity  of,  8 

Metals,  conductivity  of,  8 

Metals,  electro  negative  and  positive. 

Meters,  see  under  measurement 

Metric  system,  not  wanted  for  units, 
84 

Molecules,  polarised,  and  attraction 
&  repulsion,  44 

Molecules,  polarised  in  magnetic 
field,  39 

Moment  offeree,  71 

Moment  of  a  motor,  162 

Multiple  arc  arrangement  of  batteries 
62 

Multiple  series  circuit,  167 

Multiple  series  arrangement  of  bat- 
teries, 63 

Motors: — 
action  of,  161 

are  the  reverse  of  dynamos,  162 
counter  pressure  in,  164 
efficiency  of,  formula  for,  164 
efficiency  of,  graphic  representation 

-bf,  72 
greatest  turning  moment  or  torque 

of,  162 
length  of  active  conductor  in,  163 

N. 

Needle,  magnetic,  eflfect  of  current 
on,  176 

Negative  and  positive  points  in  cir- 
cuits, 122 

Networks  of  distributing  mains,  174 

Neutral  bodies,  action  of  circuits  on, 
38 

Newton,  Sir  Isaac,  his  work  on 
induction  phenomena,  47 

Nickel,  a  magnetic  conductor,  34 

Nitric  acid  battery.  Grove's,  57 

Non-conductor,  in  inductive  circuit, 
20 

Non-conductors,  list  of,  see  imulatots 

Non-magnetic  alloy,  35 

Notation  of  circuits,  122 


Ohm,  the  legal  and  the  B,  A., 


Ohm,  the  unit  of  resistance,  6,  9 

Ohm's  Law  : — 
explanation  of,  9 
applied  to  batteries,  61 
applied  to  inductive  circuit,  20,  26 
applied  to  magnetic  circuit,  34 
applied  to  series  dynamo,  132 

Ohms,  measurement  of,  176 


P. 


Parallel  circuit  for  distribution,  166 
Paterson     and     Cooper's     ammeter, 

183 
Permanent  magnets,  demagnetising, 

and  remagnetising,  40 
Permanent  magnets,  how  formed,  27, 

28    _ 
Peroxide    of   lead,   formation  of,   in 

secondary  batteries,  59 
Phase  of  currents  in  transformer,  160 
Pitkin's  ammeter,  182 
Platinum,  conductivity  of,  8 
Plugs  of  resistance  boxes,  186 
Polarised   molecules  and    attraction 

and  repulsion,  44 
Polarised   molecules,   magnetic  field 

due  to,  39,  see  s\so  force,  lines  of 
Pole  pieces  of  a  dynamo  and  leakage, 

92,  107 
Poles,  attraction  and  repulsion  of,  46 
Poles  of  circuits,  34 
I'oles  induced  in  field-magnets  and 

armature,  123 
Poles  of  a  magnet,  28 
Positive  and  negative  electricity,  i^ 
Positive  and  negative  points   in  cir- 
cuits, 122 
Power,  transmission  of,  161 
Pressure,  Electrical; — 

absorbed  by  motor,  graphic  repre- 
sentation of,  72 

and  current,  analogy  of,  to  water, 

^45  ... 

accumulation  of,   in    mductive  ar- 

cuit,  20,  23,  37 
&  armature  speed,  relation  between, 

available  in  circuit,  graphic  method 
of  showing,  134 

contact  V.  chemical  theory  of  pro- 
duction, 54 

difference  of,  produces  electric 
action,  2 

distribution  of,  see  distribution 

how  to  calculate,  10 

how  to  produce,  47 

how  produced  in  dynamos,  78 

how  produced  in  armatures,  114 

in  armatures  and  revolutions  per 
minute,  115 

in  coil,  varying,  155 
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Pressure,  Electrical,  continued  ; — 
in  conductive  and  inductive  circuits, 

i8 
in  dynamo  proportional  to  turns  ot 

wire,  82 
in  motors,  counter,  164 
induced  and  insulation,  153 
lines  of   force    that    will    produce 

I  volt,  81,  114 
machines  for  producing,  see  induc- 
tion, batteries,  dynamos 
measurement  of,  see  measjtrentent 
obtained  from  series  dynamo,  cal- 
culation of,  131 
of  batteries,  how  to  increase,  6i 
of  compound  dynamo,  characteristic 

curve  of.  149 
of  series    dynamo,     characteristic 

curve  of,  139 
of   shunt    dynamo,    characteristic 

curve  of,  147 
Ohm's  law  for,  g 
point  of  production  in  a  cell,  5 
practical  unit  of  9 
transforming,  see  transformers 
Pressure,  magnetic,    plotting    curve 

of,  77 
Primary  batteries,  see  batteries  pri- 
mary : — 
Primary  coil  of  transformer,  159 
Pull  of  field-magnet  on  armature,  128 
Pulleys  of  dynamos,  best  disposition 
of,  127 


R. 


Repulsion  and  attraction,  44 
Residual  magnetism  in  dynamos,  144 
Resistance  boxes,  186 
Resistance,  Electric; — 

&    pressure,     graphic    methods   of 

showing  relation  between,  135 

effect  of  temperature  on,  8 

how  to  calculate,  10,  13 

internal  and  external,  6 

internal,  of  batteries,  60 

legal  and  B.  A.  unit  of,  6 

measurement  of,  176 

of  armatures,  116 

of  armatures,  its  relation  to  current 
and  pressure,  140 

of  batteries,  how  to  calculate  inter- 
nal and  external,  6t 

of  circuits,  measurement  of,  185 

of  circuits,  Wheatstone  bridge  for 
measuring,  i88 

of  conductors,  and  temperature,  95 

of  dynamos,  and  temperature,  99 

of  inductive  circuit,  20,  21 

of  parts  of  dynamo,  87 

of  series  dynamo,  131 

of  shunt  circuits,  12,  13 


Resistance  Electric  contin  ued  ; — 

of  shunt  wound  dynamo,  145 

of  straight   conductor,    less    than 
when  coiled,  106 

Ohm's  law  for,  9 

practical  unit  of.  9 

specific,  7 

specific  inductive,  26 

the  Ohm,  6,  9 
Resistance,  Magnetic  : — 

formula  for,  129 

of  air  space  in  dynamo,  128 

of  dynamos,  T19 

of  magnetic  circuit,  32 
Resistances  of  circuits  for  lighting, 

see  distribution 
Reversals  in  alternators,  155,  157 
Reversals  of  current  in  dynamo,  how 

compensated  for,  108 
Reversibility  of  dynamos,  162 
Revolutions  per  minute  and  pressure, 

115,  138 

ing  armatures,  how    to    calculate 
Rpressure  in,  115 
Ring  armatures,  method  of  winding, 

III 
Ring  armatures,  when  satisfactory, 

and  when  not,  150 
Ring  magnet  has  no  external  effect, 

33 


S. 


Saturation  of  field-magnets  and  cores 

of  dynamos,  142,  150 
Secondary    batteries,    see    batteries, 

secondary 
Secondary  coils  of  transformer,  159 
Self-induction,  co-efficient  of  153 
Self-induction  explanation  of,  152 
Series  arrangement  of  batteries,  61 
Series  circuit  for  distributing  electri- 
cal energy, 166 
Series  circuit,  the  multiple,  167 
Series  wound  dynamo,  see  dynamos 
Short    circuiting    a    shunt   dynamo, 

148 
Short  circuiting  armature  coils,  113 
Short-circuiting  batteries,  62 
Shunt    circuits,  see    under  circuits, 

(the  divided) 
Shunt  dynamo,  see  dyiiamos 
Shunt  and  series  dynamos,  heating  of^ 

99 
Shunts  to  be  avoided,  15 
Silver,  conductivity  of,  8 
Silver    deposited    by    i    ampere  per 

second,  183 
Solenoid,  how  formed,  32 
Sparkingofcommutators,  how  caused, 

112,  125 
Specific  inductive  resistance,  26 
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Speed  of  armatures  and  pressure,  re- 
lation between,  138 

Square  of  the  flux  and  distance  theory, 
128 

Sulphuric  acid,  its  use  in  batteries, 
55,59 


T. 


Tangent    galvanometer,    description 
of,  177 

Tangent    galvanometer,      effect    of 
earth's  magnetism  on,  179 

Tangent  galvanometer,  obtaining  de- 
flections with,  18 r 

Tangent  galvanometer,  constant  of, 
181 

Tangent  galvanometer,  principle  of, 
176 

Telegraph,  Gray's,  47 

Temperature  of  armatures,  formula 
for  rise  in,  97 

Temperature  of  dynamo  coils  and  re- 
sistance, 95,  27 

Temperature    of    dynamos,     cooling 
surface  per  watt,  98 

Terminal   pressure,  graphic  method 
of  showing,  136 

Thompson,    S.     P.,    and    the    area 
graphical  method,  62 

Thompson,   S.   P.,   the  fpull  of  field- 
magnets,  128 

Thomson,    Sir    W.,     and     electrical 
measurements,  181 

Three  wire  system  of  distribution,  167 

Tin,  conductivity  of.  8 

Tommasi's  book  on  batteries,  55 

Torque,  explanation  of,  72 

Torque  of  a  motor,  162 

Transformers,  see  also  distribution 
action  of,  160 
Faraday's  original,  159 
Ferranti's  use  of,  161 
interactions  in,  t6i 
modern  ones,  improvements   upon 

Faraday's,  161 
use  of,  158 

U. 

Units  : 
Board  of  Trade,  151 
electrical,  originally  telegraphic,  i 
the  legal  and  B.  A.  Ohm,  6,  7 
line  of  force,  C.  G.  S.,  117 
line  of  force,  Kapp's  or  English, 

117 
of  heat,  q6 
of  work,  96 
wanted  for  lines  offeree,  84 


Vitreous  &  resinous  electricity,  19 
Volt,  the  practical  unit  of  pressure, 

9 
Volt  pressure,   how  to  produce,      i 

114 
Volts,  measurement  of,  1 76 
Volta,  originator  of  primary  batterie 

53 
Voltage  between  terminals,  see  tej" 

tnina  I  pressure 
Voltmeter,  use  of,  133 
Voltmeters: —  see  also  ammeters 

are  ammeters  measuring  small  cur- 
rents, 184 

Deprez,   and  Ayrton   and  Perry's 
work  on,  182 

description  of,  182 

Thomson,  Sir  W.,  his  work  on,  181 

W. 

Water  and  current,  analogy  between , 

145 
Watt,  the,  66 
Watt,   cooling  surface  of  d3niamos. 


Wa« 


'^atts  in  Board  of  Trade  unit,  151 
Weight  of  dynamo  coils,  formula  for, 

102 
Werderman  and  the  multiple  series 

circuit,  167 
Wheatstone    bridge    for    measuring 

resistance,  188 
Willans  engine  and   Crompton   and 

Hopkinson  dynamos,  efficiency  o^ 

Wimshurst's  machine,  49 

Winding  of  armatures,  different  me- 
thods, III 

Winding  of  dynamos,  explanation  of, 

92 
Wire,  active,  in  motor,    length  of, 
163 

Wire,  effect  of  windings  on  dynamo, 
see  dynamos 

Wire  for  dynamo  coils,  influence  of 
diameter,  weight  &c,  100 

Wires,  arrangement  of,  for   distribu- 
ting electrical  energy,  see  distribu- 
tion 

Wires,  broken,  why  dangerous,  16 

Wires,  coils  of,  act  as  magnets,  32 

Z. 

Zinc,  amalgamation  of,  57  » 

Zinc-copper     couple,  pressure     pro- 
duced by,  56 
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beginner.  The  appreciation  of  man,  as  something  more  than  the 
foU  of  lyric  passion,  can  be  ascribed  to  very  few  poets  in  their  first 
developments,  and  its  manifestations  in  these  pages  is  very  hope- 
ful in  the  prospect  of  future  efforts." 

MY  SCHOOLFELLOWS,     ByAscoTTK.  Hope. 
Illustrated.     Crown  8vo.,  2s.  Qd, 

MAY   HAMILTON.     By    M.    B.     Illustrated. 
Crown,  8vo.,  2s.  M. 


BIGGS   AND    CO.'S    BOOKS    FOR   YOUNG   PEOPLE. 

FISHER'S  READY  RE  CKONER.    256  pages 
Cloth,  M. 

Showing  the  value  of  goods  etc.,  from  one-eighth  or  anj 
weight  or  measure  up  tp  forty  thousand  at  any  price  from  one 
farthing  to  twenty  shillings,  together  with  other  useful  tables 
and  a  variety  of  information.  Thirty  large  editions  of  this 
book  have  been  issued  at  two  shillings ;  but  the  publishers 
believe  they  will  be  following  the  traditions  of  the  age — and 
place  the  book  within  the  reach  of  everyone — by  issuing  this 
Cheap  Edition  at  Sixpence.  The  use  of  this  book  will  save 
its  cost  again  and  again  in  less  than  a  week. 

THE  HANDY  HOUSEHOLD   SERIES. 

PKICE    6d. 

The  Handy  Book  of  the  Household. 

The  Handy  Book  of  the  Law  of  the  Household. 

The  Handy  Book  of  Domestic  Remedies,  d^.c,  <fc.c. 

THE  "FIRST  PRINCIPLES"  SERIES. 

THE    FIRST    PRINCIPLES     OF    ELEC- 
TRICAL ENGINEERING,     By  C.  H.  W. 

Biggs.     Illustrated.     Crown,  8vo.,  25.  Qd. 

This  is  an  attempt  to  write  an  elementary  book  from  the 
standpoint  of  what  is  wanted  in  practice  rather  than  from  what  is 
wanted  for  examinations.  It  is  intended  to  give  information  upon 
the  laws  and  principles  of  the  subject  that  lend  themselves  more 
directly  to  practical  applications.  In  the  near  future  the  school- 
master must  approach  the  practical  man,  and  instead  of  teaching 
antiquated  lore  which  has  survived  generations  of  text  books, 
will  have  first  to  make  himself  acquainted,  then  his  pupils 
with  what  is  being  done  in  the  applications  of  science.  A  large 
part  of  the  information  given  in  books  on  electricity  has  been 
passed  on  from  book  to  book  for  the  last  century,  and  has  to  be 
forgotten  by  the  student  as  soon  as  possible  after  leaving  school 

TO  BE  FOLLOWED  BY 

The  First  Principles  of  Mechanical  Engineering. 
The  First  Principles  of  Masonry. 
The  First  Principles  of  Carpentry. 


BIGGS  AND  CO.'S  BOOKS  FOR  YOUNG  PEOPLE. 


BY   ASCOTT   R.   HOPE- 


A    BOOK    ABOUT    BOW-WOWS,    In  Five 

Chapters.  By  Ascott  E.  Hope.  Cloth  Is.  Qd. 
The  great  interest  taken  by  all  children  in  their  "  pets  "  is 
proverbial.  This  book,  containing  as  it  does  a  number  of 
beautiful  Steel  Engravings  as  well  as  a  large  number  of  wood 
blocks,  interspersed  with  the  text,  will  no  doubt  form  one  of 
best  gift  books  for  children.  The  text  is  specially  written, 
and  the  words  used  carefully  selected  so  as  to  present  few 
difficulties  to  those  learning  to  read,  but  rather  on  the  con- 
trary to  make  a  book  that  the  learner  will  naturally  turn  to 
on  account  of  its  pictures  and  anecdotes. 

The  Chapters  are  respectively  entitled — "Good  dogs," 
"Useful  Dogs,"  "Brave  Dogs,"  "Clever  Dogs,"  "Affectionate 
Dogs." 

BY    HOPE    MONCRIEFF 


SCENES    FROM     OUR    CENTURY.      By 

Hope  Monceieff,  Author  of  "  Scenes  feom 
Theee  Centueies."  Illustrated.  Crown  8vo, 
cloth  3s.  6d. 
This  Work  is  designed  to  provide  an  instructive  and  enter- 
taining book  for  young  people.  The  ordinary  reader  cannot 
become  acquainted  with  all  the  great  historians  of  "  Our 
Own  Century,"  yet  constant  reference  is  found,  in  news- 
papers and  the  current  literature  of  the  day,  to  famous 
scenes  in  history  with  which  the  reader  is  supposed  to  be 
familiar.  "  Scenes  from  Our  Century  "  consists  of  chapters 
selected  from  the  best  historians,  giving  graphic  and  vivid 
descriptions  of  those  episodes  which  stand  out  most  prom- 
inent in  the  history  of  the  Century. 


This  deserves  a  high,  if  not  the  highest  place,  among  the  more 
serious  of  this  year's  Christmas  Books." — Journal  of  Education. 
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